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COMMUNICATIONS 


ARGEMONE OIL, SANGUINARINE, AND’ 
EPIDEMIC-DROPSY GLAUCOMA*t 


BY 


SOHRAB A. E. HAKIM 
From the University Departments of Physiology and Pharmacology, Oxford 


Argemone mexicana Linn. (Linnaeus, 1753; Tournefort, 1694), is a herb 
of the Papaveraceae (poppy family) indigenous to the West Indies (Fig. 1). 
The study of this herb and its active principles is important, first to 
circumvent the serious epidemics of dropsy and glaucoma resulting from the 
unintentional ingestion of its seed oil in tropical countries; secondly to find 
a method of producing in 
tage laboratory animals conditions 
- similar to, if not identical 
with, glaucoma; and thirdly 
to examine the possibility 
that other similar plants, by 
indirect ingestion, may play 
an insidious role in the caus- 
ation of primary endemic 
glaucoma. 

Argemone mexicana (or 
Prickly yellow poppy), being 
one of the most accommodat- 
ing of weeds, has spread by 
zonal distribution and become 
naturalized during the last 
350 years in all eastern tropi- 
cal and sub-tropical countries, 
including Africa, India, South- 
East Asia, Australia and the 
Philippines, although it is 
rare along the American 
Pacific coasts (Prain, 1895). 

Bae Fic. 1. — Argemone The dispersal of this pois- 

__ mexicana (after Curtis, onous weed across half the 

vhietes globe reveals a fascinating 

story of man-induced follow- 

ed by natural spread; but 

one which is also sad in that suffering and blindness has been caused to 
masses of the poor populations in the East and especially in India. 
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The herb known as “‘ Chicalotl ’” was used by the American Indians for its 
narcotic and other empirical virtues. John Gerard (1597), the English 
herbalist, first obtained its seeds in 1592, and successfully cultivated it as a 
garden plant in London. Bauhinus (1596), the taxonomist, correctly placed 
it among the papavers. Clusius (1601), falsely believing it to have Greek 
medicinal antecedents, described it among the rare plants of history. Morison 
(1680) described the herb, and his famous Herbarium at Oxford still has the 
original dry-plant specimen collected over 250 years ago. Tournefort (1694) 
first defined the herb’s genus and species and named it Argemone mexicana. 
The species-name is misleading, for the plant originates from the Antilles and 
is only found in Mexico as an introduction at sea-ports. 

The naming of the genus from the Greek word dpyewwvn has proved 
disastrous, for the name was associated in Greek classical medicine (Hippo- 
crates, 5th cent. B.C.) with a “‘ white speck ” in the eye, and with certain 
poppy-like herbs with orange latex which heal diseases of the eye 
(Dioscorides, Ist cent. A.D.), whereas the American weed has been shown 
to cause disabling blindness. 

The Portuguese, confounding the virtues of the Greek Argemone with the 
newly-introduced weed, and unaware of its potentially poisonous properties, 
introduced it into East Africa (Prain, 1895), and probably into India via 
the Portuguese settlement at Goa. 

Besides botanical evidence, it can be shown that Argemone mexicana was 
foreign to India for the following reasons: 

(a) it is absent from the Yunani Mughal Tibb system of Hakimi medicine 
prevalent in India in the 16th and 17th centuries (personal collection of manuscripts), 

(b) it is not mentioned by Orta (1563), a scholarly medical writer very familiar 


with the drugs both of the West Indies and of Western India, 
(c) it is not mentioned by Rheede van Drakenstein (1678) in his vast botanical 


work describing the very regions into which the weed later spread and 
established itself. 

The existence of Argemone mexicana in India was first recorded by Burman- 
nus (1768), the plant having been introduced some time before this date, 
probably in the first half of the 18th century. It has now established itself 
over the greater part of India and South-East Asia. 

Ainslie (1813), who compiled the first (western) Materia Medica of India, 
recorded the Jamaican Argemone as a foreign or imported Dhatura (narcotic), 
and noted its use by practitioners of the indigenous Indian systems of medicine 
because of its alleged ophthalmic and other properties. Such use led to 
a second mis-identification of the herb with an unknown plant with 
yellow latex called Svarnakshiri* (Charaka, B.c.) which was prescribed in 
the ancient Indian Ayurvedic system of medicine. Many modern Ayurvedic 
text-books perpetuate this mistaken identity; even since the discovery in 
India (Sarkar, 1926) that the seed-oil of Argemone mexicana produces 
epidemic dropsy and glaucoma, Ayurvedic practitioners continue to prescribe 





*The real Svarnakshiri, like the real Argemone, because of its scarcity or extinction, remains unidentified. 





EPIDEMIC-DROPS Y GLAUCOMA 195 


this blinding poison, and recommend it as suitable for research 
(Hakim, 1950). The grave danger of this mistaken recommendation 
becomes evident when it is remembered that the Ayurvedic practitioners, 
both learned and ignorant, serve the medical needs of most of the vast 
village populations of the Indian sub-continent. 

The historical study of this herb brings out the dangers of false plant 
identifications. Textual, historical, geographical, and morphological accur- 
acy is essential for any real research into the empirical wealth of Ayurvedic 


drugs. 
Epidemiology 


Widespread epidemics of dropsy, at time affecting 7,000 persons and sometimes 
killing 1,500, have’been frequently recorded in India since 1866. McLeod (1877) 
named the condition “epidemic dropsy’’, but its real cause remained unknown for 
another 50 years. The most constant signs were lower-extremity oedema, gastro- 
intestinal disturbances, and skin changes. Since 1909, an associated primary 
high-tension glaucoma, often leaving permanent defects in the visual fields, has been 
recorded. Various theories of malnutrition, infection, or food-intoxication were 
suggested, as the epidemics were localized and usually confined to poorly-fed 
populations. Sarkar (1926) was informed by villagers that a local epidemic was 
due to contamination of a cooking-oil press with seeds of Argemone mexicana. 
Kamath (1928) recorded a similar contamination of sesame oil used for cooking. 
These observations revealed the real aetiology of epidemic dropsy, linking the 
epidemiological records with the migration of Argemone mexicana into India. 

Research workers in India have collected valuable material on the clinical, 
ophthalmological, chemical, biochemical, histological, and ‘experimental aspects 


of the problem. Oedema and haziness has been produced in human volunteers, 
but not in animal experiments. 

Epidemics have also been recorded in other tropical countries (Meaker, 1950), 
and argemone-poisoning has been noted in cattle (Hurst, 1942) and fowls (Hart, 


1941; Steyn, 1950). 


Chemistry 


Argemone mexicana L. and its Seed-Oil.—The plant is known to contain several 
alkaloids including berberine and protopine in the herb (Santos, 1932), sanguinarine 
and dihydrosanguinarine in the seed-oil (Sarkar, 1948), and some undefined 
poisonous principles in the latex (Henry, 1949) and probably in other structures. 

The present experiments have shown that increased ocular tension and patho- 
logical damage to the eyes of experimental animals was produced not only by 
argemone oil and its active alkaloid sanguinarine, but also by seed-oils, alkaloids, 
and capsule extracts from other papaveraceae. 

A number of inter-related and inter-convertible alkaloids, all derivable from 
iso-quinoline, are found in the natural order Rhoeadales, which includes the papavers 
(Henry, 1949). These may explain the experimental activity of other papaver 
substances, and deserve fuller investigation, especially if idiopathic primary 
glaucoma is shown to be caused by indirect ingestion of papaver herbs through 
animal vectors. 
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Several physical and chemical tests for detecting argemone oil were devised by 
Lal and ‘others (1939), Sarkar (1941), and Sen (1946). They are more valuable as 
negative evidence. 

Sarkar (1948) isolated the two main alkaloids of argemone seed-oil, identifiable 
with sanguinarine and dihydrosanguinarine. Sanguinarine (0°44 mg./ml.) accoun- 
ted for 5 per cent., and dihydrosanguinarine for about 87 per cent. of the total 
alkaloids present. ‘Dihydrosanguinarine could be chemically oxidized io sanguin- 
arine hydrochloride. 

Bailey (1951) recovered 0:28 mg./ml. sanguinarine chloride m.p. 275-278" C. 
(decomp), and 4-6 mg./ml. dihydrosanguinarine m.p. 192-193°C. (decomp) from 
argemone oil. 


Sanguinarine.—(y/-Chelerythrine), Cr) Hj; O4 N. H2 O, is an alkaloid of the 
benzphenanthridine sub-group of the iso-quinoline group, naturally occurring 
in several of the Rhoeadales (Henry, 1949; Wehmer, 1929). Though known since 
1829, the alkaloid has only recently become available, free from other substances. 
The natural alkaloid crystallizes in colourless needles, is insoluble in water, but 
dissolves in organic solvents. Sanguinarine gives a blue colour-reaction with 
concentrated H,SO,, and shows a blue-violet fluorescence, and its quaternary 
salts form water-soluble red crystals (Henry, 1949; Crawford, 1951). 

Bailey, Robinson, and Staunton (1950) have studied its molecular structure 
and absorption spectra. The free-base sanguinarine, m.p. 268—270° C. (decomp), 
being insoluble, I have used throughout the present experiments the blood-red, long, 
thin, water-soluble crystals of sanguinarine chloride (C25 H,; O, N. HCl. 3 H, O), 
7: 8: 2’: 3’-dimethylenedioxy-! : 2-benzphenanthridine methochloride. These were 
prepared by Dr. Bailey with slight modifications of the method of Sarkar (1948). 


Toxicology 


L.D. 50.—The dose of both argemone oil and sanguinarine lethal to 50 per 
cent. of animals was determined on groups of sixty mice after intravenous, 
subcutaneous, intraperitoneal, and oral administration. The results were recorded 
over a 48-hr mortality. 

1 mg. BAL (2: 3-dimercaptopropanol), given intramuscularly 30 minutes before 
sanguinarine, the mice being kept at 17° C., seemed to protect the animals by raising 
the L.D. 50. 

The L.D. 50 of both argemone oil and sanguinarine showed wide differences 
in a series of tests. This was due to a prolonged lethal action of the drugs, and 
consistent figures were obtained by assessing the L.D. 50 in 160 mice over 
a period of 15 days after a single injection of four different doses of each drug. 
The L.D. 50 of argemone oil was 0-9 ml./100 g., and that of sanguinarine 
1-8 mg./100 g. intraperitoneally in mice. . Lowered temperature (4° C.), did not 
influence the mortality in mice or tadpoles. 


Relative Toxicity of Argemone Oil and Sanguinarine—Comparison of the 
biological figures of L.D. 50 of argemone oil and sanguinarine with the 
chemical estimates of sanguinarine in argemone oil, showed that the oil was 44 to 
7 times more toxic, biologically, than could be chemically accounted for by the 
sanguinarine present. 

Attempts to impregnate bland oils artificially with chemical equivalents of 
sanguinarine, for biological comparison, were unsuccessful, as sanguinarine was 
rendered inert. Attempts to show that dihydrosanguinarine could account for 
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the greater toxicity of the oil were also unsuccessful, as large doses of dihydro- 
sanguinarine (40 mg./100 g.), injected as a suspension in arachis oil, were non- 
toxic. 

Dihydrosanguinarine, although chemically convertible to sanguinarine, and 
seventeen times more abundant in argemone oil, seems to be either inert or rendered 
insoluble and inert by chemical extraction. If intrinsically inert, there must be 
some other toxic factor in argemone oil, besides dihydrosanguinarine and sanguin- 
arine. 

Apart from the natural variations in samples of argemone oil and the recognized 
diminution of its toxicity by heat, light, and ageing, the above factors of delayed 
lethal action, changes in the solubility of its active principles, and the natural 
resistance of the host, complicate the picture. Some of these may explain the 
conflicting figures (Sarkar, 1941) of the toxicity of argemone oil in human and 
animal experiments given by previous workers (Lal and Roy, 1937; Lal and others 
1939, 1941; Pasricha and others, 1939, 1940; Chopra, 1939). 

Single Lethal Dose of Sanguinarine.—3 to 4 mg./100 g. sanguinarine, injected 
subcutaneously, was lethal to adult rats, and 10 mg./kg. to rabbits. 

Sub-acute Sanguinarine Toxicity —2-5 mg./100 g. sanguinarine, injected daily 
subcutaneously, produced diarrhoea and enteritis, in mice, and killed them in 3 
to 8 days. 1 mg./100 g., injected daily intraperitoneally, produced some signs 
of ascites and enteritis in rats and killed them in 7 to 15 days. 

Chronic Toxicity in Young Rats.—A group of ten young rats was kept on an oral 
daily dose of 1 ml./100 g. argemone oil mixed into the rat-cubes; another ten rats 
received 0-35 mg./100 g. sanguinarine daily, freshly dissolved and mixed in food. 
Ten were kept.as controls. Five rats in both poisoned groups received in addition 
1 g. dried yeast per rat daily. All rats survived the treatment for 225 days, although 
the growth of the poisoned rats was arrested (c.f. Sarkar, 1941). 

Chronic Toxicity in Old Rats——Three groups of old rats were maintained in 
the same manner and with the same doses for 250 days. Yeast was omitted. 
Towards the termination, a third of the rats in all three groups died, probably 
from senility rather than lethal toxic action. The poisoned animals of this series 
showed marked retinal damage. 

Both the young and the old poisoned rats showed apathy, motley fur, and kerato- 
dermatitis. The dermatitis did not show ultra-violet fluorescence like the lesions of 
pantothenic acid deficiency. Yeast partially prevented the dermatitis. Relevant 
findings from both these experiments are incorporated in other sections. 


Pharmacology 

Meyer (1892) investigated some of the properties of sanguinarine, but~not in 
association with the argemone oil problem. Most of his findings have been corrob- 
orated and many additional pharmacological properties of sanguinarine discovered 
in the present study. 
Sanguinarine depresses the actions of sympathetic stimulation and of adrenaline. 

(a) The left splanchnic nerve of cats under chloralose anaesthesia was exposed 
and electrically stimulated by condenser discharges at intervals of 5 minutes. Each 
stimulation produced a fairly constant transient rise in the blood pressure, averaging 
75 mm. Hg. Sanguinarine was injected intravenously, and the splanchnic re- 
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stimulated 1 minute after the injection. 1 mg. sanguinarine depressed the effect 
of subsequent stimulation to 65 mm., 2 mg. to 54 mm., and 3 mg. to 14 mm. blood 
pressure. Although proportional to the dose at first, the depression later became 
complete and irreversible. The action suggested a progressive mening of the con- 
strictor receptors by sanguinarine. 

(b) Isolated rabbit ears were perfused through the central artery with oxygenated 
Locke’s solution, and the venous outflow collected and measured by a volume re- 
corder unit. Addition of 0-04 yg. adrenaline into the perfusate caused a temporary 
constriction of the vessels as recorded by a decrease in outflow. Addition of 
sanguinarine in doses up to 0:1 mg., had no direct effect on the rate of outflow. 
When adrenaline was added after a dose of sanguinarine, its constrictor effect was 
greatly diminished. 

(c) A series of constant depressions, produced by doses of 2 yg. adrenaline 
on the rabbit’s isolated duodenum were recorded. Addition of 0:2 mg. sanguinarine 
produced no direct depressant or stimulant action on the duodenum. When doses 
of adrenaline were added after a dose of sanguinarine, their effect was progressively 
and irreversibly diminished. 

Higher concentrations of sanguinarine directly depressed the rhythmic movements 
of the gut, which were restored neither by washing out nor by additions of pilo- 
carpine or acetylcholine. 


Sanguinarine first stimulates and later depresses adrenaline-like actions. 

(a) A series of intravenous injections of sanguinarine, from 1 to 4 mg., into a 
chloralosed cat, at first produced small rises in the blood pressure. Later, the iden- 
tical range of doses injected into the same animal produced relatively larger falls 


in blood pressure. 

The reversal of the action of sanguinarine on the blood pressure, may be due to 
primary ‘stimulation of adrenaline constrictor receptors, which are prominent, 
followed by their blockage and subsequent action on the dilators, thus resulting 
in fall of blood pressure. 

(b) Small doses of sanguinarine added to isolated rabbits’ hearts, rabbits’ auricles, 
and frogs’ hearts, at first caused a slight increase in amplitude, frequency, and 
coronary outflow. Subsequent additions of sanguinarine progressively decreased 
amplitude. frequency, and coronary flow. 


Action of sanguinarine abolished or reduced by adrenaline. 

(a) Intravenous injections of 0-05 to 1 mg. sanguinarine in anaesthetized guinea- 
pigs, produced rapid broncho-constriction proportional to the dose, as recorded 
by the method of Konzett (1940). Five pg. adrenaline, injected intravenously 
45 seconds before the injection of 1 mg. sanguinarine, abolished its broncho- 
constrictor effect. 0-5 yg. iso-prenaline, or 1 mg. anthisan, or 10 yg. atropine 
similarly administered, reduced the subsequent effect of sanguinarine. 

(6) The ocular tension-raising property of local sanguinarine or argemone oil 
was greatly diminished by the action of adrenaline. — 


Sanguinarine decreases the action of acetylcholine. 

(a) A series of applications of acetylcholine in a concentration of 3-3 x10", 
produced a constant temporary depression in amplitude and rate of isolated rabbit 
auricles. When sanguinarine 6-6x10° acted on the auricles, the depressant 
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effects of subsequent applications of acetylcholine were progressively reduced. 
Repeated applications of sanguinarine, or higher concentrations, produced both 
progressive and irreversible decreases in the amplitude and rate, and cessation of 
contraction. Prolonged application of sanguinarine to isolated rabbit and frog 
hearts produced both progressive depression of amplitude and rate, and insensi- 
tivity to acetylcholine. 

(b) A series of equal contractions of the virgin rat uterus were obtained by 

applications of 0-8 mg./litre carbachol at regular 2-minute intervals through an 
automatic relay system. When sanguinarine 2:5x 10° acted on the uterus and 
was washed out, the contractile effect of subsequent additions of carbachol was 
progressively reduced. 
- (c) Normal contraction of the frog rectus muscle produced by acetylcholine 
2x 10° was progressively diminished by the prior addition of sanguinarine 5 x 10°. 
Sanguinarine produced a partial contraction, followed by imperfect relaxation, 
leading to permanent contracture and acetylcholine insensibility. 

(d) The electrically stimulated frog sciatic-gastrocnemius probably contracts 
by release of natural acetylcholine. When sanguinarine 10* acted on the muscle, 
it progressively reduced the subsequent electrical contractions and led to irre- 
versible contracture. 

Some of the effects sanguinarine suggested an inhibition of cholinesterase, 
whereby spontaneously generated acetylcholine remained undestroyed, producing 
a prolonged acetylcholine effect. 


Other Effects. 

(a) Injections of sanguinarine produced a miotic effect on the pupils of mice, 
as determined by the method of Grewal (1951). The miotic effect was determined 
by counteracting the mydriatic effect of a constant dose of atropine previously 
given to each animal. The miotic effect of sanguinarine on mice (and rabbits) 
may be explained by either an antagonism of local adrenaline, or an inhibition of 
cholinesterase. 

(b) The anaesthetic activity of sanguinarine was demonstrated by the production 
of plexus anaesthesia in frogs, and intra-dermal anaesthesia in guinea-pigs (Method 
of Biilbring and Wadja, 1945). A concentration of 0:05 per cent. on the frog 
plexus produced anaesthesia in 5 minutes followed by rapid and irreversible 
paralysis. 

(c) Sanguinarine did not influence the rate of effective stimulation of isolated, 
electrically-driven rabbit auricles (Method of Dawes, 1946). 


Similarities between sanguinarine and the cinchona alkaloids (especially 
quinidine): 

(1) they depress the action of adrenaline on rabbit ear vessels, and cat blood pressure 
and hyperglycaemia; 

(2) they depress the actions of acetylcholine on rabbit auricles, rabbit duodenum, rat 
uterus, and frog rectus; 

(3) they produce local anaesthesia and destructive lesions in nerves and retinae. 


Action of sanguinarine and the theory of local hormones.—The demonstration 
of spontaneous synthesis of adrenaline and acetylcholine in several isolated tissues, 
and of the delicate mechanism by which such synthesis is adequately balanced by 
local enzymes which destroy them, has led to the local hormone theory. This also 
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explains the apparently contradictory or reversible actions of adrenaline and acety]- 
choline (Burn, 1950 a, b.). The actions of other extraneous drugs like sanguinarine 
can be explained by substrate competition with the local hormones at various 
stages of their synthesis, action or destruction. 


Biochemistry 
Sanguinarine enhances the action of insulin. 

The blood glucose after injection of 1 unit insulin into a series of rabbits, was 
estimated at hourly intervals for 5 hours. Each reading was expressed as a per- 
centage of the initial blood glucose, and the mean of these determined for five 
animals. A mean blood glucose reduction of 40 per cent. of the initial value was 
observed. Two days later, 5 mg. sanguinarine was injected subcutaneously into 
the same group of animals 30 minutes before the injection of 1 unit insulin. The 
reduction of mean blood sugar increased to 53 per cent. No convulsions occurred 
when the rabbits received insulin alone. All were convulsed and showed venous 
collapse when they were given both sanguinarine and insulin. It has been observed 
that sanguinarine alone failed to produce any convulsions in rabbits. 

The recovery of the blood glucose after a hypoglycaemia caused by insulin is 
known to depend in part upon the release of adrenaline from the adrenal glands, 
which causes a discharge of glucose from the liver. The increase in the action of 
insulin due to sanguinarine might therefore be explained by a diminished effective- 
ness of adrenaline. 


Sanguinarine and blood pyruvate. 

An increase in blood pyruvate in patients with epidemic dropsy resulting from 
argemone oil was noted by Wilson and Ghosh (1937). Sarkar (1948) showed that 
sanguinarine was toxic to several enzyme systems, especially to pyruvate oxidase, 
and produced a rise in blood pyruvate level in acutely poisoned rats. Pyruvate 
accumulates in blood and tissue fluids in vitamin B1 deficiency (Peters, 1936). 
Thompson (1952) suggested that pyruvate oxidase blockage by sanguinarine might 
explain the dropsy seen in argemone oil epidemics, which was formerly thought to 
be a type of beri beri. 

The pyruvate blood level of all the rats poisoned with either argemone oil or 
sanguinarine during 225 days (see “‘ Toxicology”) was determined immediately 
after they had been killed: There was no consistent rise in pyruvate in the chron- 
ically poisoned groups compared with the controls, nor any modification in the 
groups receiving poison plus yeast. Blood pyruvate may only be raised in acute 
poisoning with very high, almost lethal, doses of sanguinarine. 


Sanguinarine on acetylcholine synthesis and breakdown. 

Several pharmacological effects of sanguinarine could be explained by its action 
on either the synthesis or breakdown of tissue acetylcholine. A biochemical 
approach to this problem was attempted by the following experiments: 


(a) A homogenized extract was made from rat cerebral hemispheres normally known 
to contain cholinesterase. To this extract sanguinarine was added in vitro. Another 
litter-mate rat was injected subcutaneously with sanguinarine.and killed after an hour, 
and a similar brain extract was prepared. The extracts were separately incubated in 
Warburg respirometer flasks, with proper controls, acetyl-8-methyl choline chloride 
being used as substrate. The CO, evolved was measured and the course of the reaction 
graphed. Sanguinarine in vitro (0-33 mg./ml.) interfered with the anaerobic production 
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of acetic acid in the brain tissue, and inhibited the enzymic hydrolysis of the substrate 
by 60 per cent. in 30 minutes. Sanguinarine (5 mg./200 g. rat) injected in vivo, had no 
effect on the cholinesterase activity of brain extract. 

(b) In another quantitative experiment, sanguinarine in vitro in a concentration of 0-33 
mg./ml., inhibited the same reaction by 62 per cent., and a tenth of that concentration 
caused 25 per cent. inhibition. 

(c) Sanguinarine 0-33 mg./ml. inhibited the enzymic hydrolysis of benzoyl choline by 
natural pseudocholinesterase in horse serum by 64 per cent. in 30 minutes. A tenth of 
that concentration caused a 40 per cent. inhibition. 

(d) In view of the inhibiting action of sanguinarine on choline acetylase and pyruvate 
oxidase, both of which require the presence of Co-enzyme A, and the protection by BAL 
against sanguinarine toxicity (probably by protecting the -SH group of Co-enzyme A 
from oxidation), an investigation was made on the effect of sanguinarine on acetylation. 
For this purpose, the acetylation of sulphanilamide was studied, in both the presence and 
the absence of sanguinarine. 

Two groups of four rats were kept in metabolism cages and their urine collected. All 
the animals received sulphanilamide in a dose of 10 mg./100 g. per 24 hrs in their food for 
5days. One of thegroups was also injected subcutaneously with 1 mg./100 g. sanguinarine. 
The pooled urine from both groups was tested daily for its total free and acetylated 
sulphanilamide contents. No consistent difference was detected between the two groups. 
Sanguinarine, in the dose used, did not affect the acetylation of sulphanilamide. 


Sanguinarine inhibits adrenaline catabolism. 

Several of the pharmacological, biochemical, and ophthalmological effects of 
sanguinarine could be explained by its interference with the actions of adrenaline. 
Sanguinarine, as an alkaloid with the iso-quinoline nucleus, is considered as a 
possible product of the amine-oxidase reaction (Blaschko, 1952), and may have 
a high affinity for amine-oxidase. 

The problem was investigated by a study of amine-oxidase activity by the Warburg 


manometric technique. The amine-oxidase was prepared from guinea-pig liver, 
a source of the active enzyme, and L p-Sympatol was used as substrate. 

Sanguinarine 0-5 mg./ml. inhibited the enzymic oxidation by 57 per cent. in 
45 minutes. A tenth of this concentration produced no inhibition. It is unlikely 
that such high concentrations of sanguinarine could be found in human body 
fluids in epidemic dropsy. 


Production of ascites and.skin oedema by sanguinarine. 

Epidemic dropsy is characterized by oedema confined to the dependent limbs 
(rarely generalized) and glaucoma. Chopra and others (1935) found a lowering 
of the plasma proteins in epidemic dropsy patients with lowered serum albumin, 
but raised serum globulin levels. Pasricha and others (1938) found a lowering of 
the specific gravity of the serum in epidemic dropsy patients. The serum specific 
gravity was observed to return to normal with the disappearance of the oedema. 
Oral feeding with cooking oils suspected of contamination with argemone produced 
oedema in human volunteers after 9 to 23 days (Lal and Roy, 1937), and Chopra 
(1936) similarly produced marked oedema with pure argemone oil. Oedema of the 
wattles of fowls has been induced by feeding with argemone seeds (Hart, 1941; 
Steyn, 1950). 

During the present study I have shown that sanguinarine can rapidly produce 
ascites and skin oedema, in 7 to 10 days in rats kept on a low (0-7 per cent.) protein 
diet consisting exclusively of carrots and water ad lib. This was a modification of 
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the hypo-proteinaemia oedema and ascites (Dicker and others, 1946) produced in 
60 per cent. of rats after about 36 days on a diet of 85 per cent. carrots plus a mixture 
of salts, starch, fats, and vitamins. 

Four groups of ten rats were kept on the exclusive carrot diet. One group 
received sanguinarine | mg./100 g. subcutaneously each day in the skin of the dor- 
sum. Another group received the same dose of sanguinarine plus an extra inde- - 
pendent injection of 2:5 mg./100 g. BAL. The third group was injected with 
argemone oil 0-5 ml./100 g. subcutaneously daily. The fourth group was kept as a 
control. The rats were killed*on the 9th day after seven injections. No ascites 
was seen in the control group. Ascites was very marked in all rats injected with 
sanguinarine, absent in those injected with sanguinarine plus BAL, and very slight, 
but definite, in those receiving argemone oil, which may not have been fully absorbed, 
as evidenced by the formation of subcutaneous nodules. 

Approximately equal discs of abdominal skin from each animal were punched 
out with a large cork borer, pooled for each group, weighed moist, and re-weighed 
after complete evaporation of fluid in a drying oven. The moisture content of 
the skin discs relative to their dry weight showed an increase of 145 per cent. in the 
controls, 600 per cént. with sanguinarine, 233 per cent. with sanguinarine plus 
BAL, and 214 per cent. with argemone oil. BAL therefore had a definite protective 
action. 


In another experiment with paired feeding and the same diet, one group was 
injected with sanguinarine, another received sanguinarine plus choline chloride 
200 mg./rat daily, and the third was kept as a control. Slight ascit2s was noted in 
both poisoned groups. The percentage increase over the dry skin weights was 
156 per cent. in controls, 246 per cent. with sanguinarine, and 222 per cent. with 
sanguinarine plus choline. The group receiving choline consumed less food than 
the others. This dose of choline had no protective action, but appeared to be toxic 
perhaps through the reduced food intake. 


The following conclusions have been reached: 

(a) Sanguinarine interferes with the actions and catabolism of adrenaline and 
acetylcholine. BAL partially antagonizes sanguinarine. 

(b) Animals can withstand enormous total doses of argemone oil or sanguinarine 
distributed over long periods. This presumes a detoxification mechanism, capable 
of continual functioning below an overwhelming threshold. The mechanism is 
probably connected with diet and blood protein. It may also explain the effects on 
specific tissues, such as the retina, and the acute rises in ocular tension which were 
seen only when the drugs were injected so close to the eye that they were not rapidly 
detoxified (see “‘ Ophthalmology ”’). 


(c) The protective protein factor increases the animal’s resistance to the onset of 
ascites and oedema resulting from the toxicity of sanguinarine and argemone oil. 
In natural epidemics argemone oedema shows a predilection for populations 
poorly-fed on low (rice) protein. 

(d) It is possible that the amino acid tryptophane is responsible for such protec- 
tion, as it is known to be essential for plasma-protein formation. Tryptophane 
deficiency is known to produce changes in epithelia, cardiac muscle, and large 
liver-cell nuclei, comparable with argemone or sanguinarine pathology. Again, 
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close structural similarities with sanguinarine may explain how the latter displaces 
tryptophane by substrate competition and produces a picture of tryptophane 
deficiency. . 

(e) The technique of accelerating the onset of oedema in animals kept on a low 
protein diet by certain toxic substances such as sanguinarine, appears to bea valuable 
new method of investigating the activity of known or suspected oedema-producing 
substances, and may also prove a useful biological test for detecting unknown 
plant substances suspected of raising ocular tension. 


Histo-Pathology 


Previous work on the histo-pathology of epidemic dropsy stressed the marked 
dilation of the capillaries in the skin, pericardium, peritoneum, and iris, without 
leucocytic infiltration (Shanks and De, 1931; Chopra and others, 1935; Kirwan, 
1935). Toxic dosés in guinea-pigs and mice produced acute haemorrhagic glomer- 
ulo-tubular nephritis: with vascular changes and congestion, thrombosis, and fatty 
liver degeneration (Pasricha and others, 1940). Acute cases showed extravasation 
of blood (Lal and others, 1941; Sarkar 1948). 

In the present study, a large number of organs of animals poisoned with acute, 
sub-acute, or chronic doses of argemone oil or sanguinarine were studied. 

Groups of several rats were injected with sanguinarine as follows: 


2-3-5 mg./100 g. on one day; 0-5 mg./100 g. daily for from 7 to 13 days; 
2-5 mg./100 g. for 2 days; 1 mg./100 g. daily for 15 days. 

Acutely poisoned rats, despite almost lethal doses, showed surprisingly slight histo- 
pathological changes which could account for the high toxicity of either drug. Damage 
to the kidneys and adrenals was common but not extensive. The skin showed slight 
oedema. Eye damage was limited to degenerative corneal changes in Descemet’s endothel- 
ium and the corneal epithelium. 


Poisoned rats on low-protein diet showed an accentuation of the pathological changes. 
The abdominal skin was markedly oedematous below the muscle layer. Early degenerative 
changes were seen in the retina and cornea. Marked changes were observed in the liver, 
where the cells, nuclei, and nucleoli were large, and the nuclei contained more nucleoli 
than in the controls. The basic protein of the cytoplasm was reduced in amount, and 
the ribonucleoprotein of the nucleoli and cytoplasm was unaffected. The liver changes 
suggest toxic inhibition of plasma-protein formation. 


Chronically poisoned young rats showed no consistent changes in the vascularity, blood 
vessels, elastic tissue, or epithelium of the skin. The adrenal zona glomerulosa showed 
dilated blood vessels; the medullary cells, with large heavily-stained nucleoli, suggested 
the possibility of hyperactivity, thus indicating effects on adrenaline formation within 
the nucleolus. In the eye, Descemet’s endothelium showed either swelling or shrinkage 
posterior to the nucleus, or pyknotic changes in the nuclei. The corneal epithelium showed 
an increase in numbers of superficial stratified cells with deeply stained crenated nuclei 
and numerous mitotic figures. The fine elastic fibres, forming the prolongation of the 
Descemet’s membrane towards the ciliary body, had disappeared in the poisoned rats. 


Chronically poisoned old rats showed marked degenerative changes in the peripheral and 
central portion of the retinae. The degeneration, when present, was either complete, peri- 
pheral, central, limited to one side of the retina (Fig. 2, overleaf) or to one eye only. The 
pigment cells were detached or absent in places, and elongated, with swollen, highly vacuo- 
lated or pyknotic nuclei. The rod nuclei were pyknotic and showed destruction of outer and 
inner segments. The rods were intermingled with the bipolar and ganglion cells. The 
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Fic. 2.—Degeneration of retina on left side by chronic oral argemone-oil poisoning in old rats. 


bipolar and ganglion cells showed abnormal nuclei, with one or more pale basophil 
granules nearly filling the whole nucleus, and sometimes simultaneously with a large 
acidophil nucleolus. Similar nuclear changes were seen in pigment cells and in neuroglia 
cells of the optic nerve. Descemet’s endothelium and the corneal epithelium showed 
degenerative changes. The retinal changes were more intense in rats who ‘received 
1 ml./100 g. argemone oil orally for 250 days, than in those who received an approximately 
chemically equivalent dose of sanguinarine 0-35 mg./100 g. No such changes were seen 
in the eyes of the old rats of the control group. The kidneys showed eosinophilic and hyal- 
ine casts in the cortex, loop of Henle, and collecting tubules. Fibrosis, lymphoid infiltration, 
and possibly hypertrophy of the juxta-glomerular apparatus, were noted. Degenerative 
changes and fibrosis of the blood vessels were seen in the testes. 

The disproportion between the lethal action and the apparent lack of detectable morpho- 
logical change, especially in acute toxicity, suggest a biochemical lesion which becomes 
lethal before morphological changes are manifest. The lack of gross morphological changes, 
even after prolonged poisoning, suggests a detoxification mechanism, possibly dependent 
on a normal protein metabolism, as skin and other changes were rapidly precipitated 
on a low-protein diet. The eyes, especially of senile rats, seem to be particularly vulner- 
able, and show similarities to quinine poisoning. 


Ophthalmology 

Previous Records.—Maynard (1909) first noted increased ocular tension 
in 100 patients with epidemic dropsy in India. Kirwan (1935) detected a 
primary, non-inflammatory, bilateral, high-tension glaucoma in 10-12 per 
cent. of epidemic dropsy cases, aged20-35 years. The condition was also found 
in patients with slight or no signs of epidemic dropsy. He noted infrequency 
of pain, dim vision, slight haloes, and corneal edema, without inflammation 
of the conjunctiva and sclera. The ocular tension was greatly raised and 
declined after some weeks, Cupping and optic nerve atrophy were a late 
phenomenon, due to tension, and preventable by early surgical intervention. 
Increased albumin and a toxic histamine-like substance were found in the 
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aqueous humour. Histological studies showed absence of cellular or 
fibrous changes at the filteration angle or drainage channels, but an intense, 
non-inflammatory capillary dilatation of the whole uveal tract, followed 
by increased endothelial permeability. The toxin showed a high predilection 
for both intra-ocular and body endothelium. 

Other workers (Mukerjee, 1929; Chopra and others, 1935; Pasricha and 
others, 1939; Sanyal, 1942, 1951) recorded similar findings and noted retinal 
hemorrhages, with low tension from the beginning or recurrent peaks of high 
tension. 

Dimness of vision was noted by Meaker (1950) in argemone seed poisoning 
in Mauritius, and was also produced by experimental feeding with argemone 
oil in human volunteers (Chopra and others, 1939). 

Action of Sanguinarine on the Drainage Mechanism of the Isolated Ox-Eye 
ina Perfusion Apparatus.—To study the direct action of drugs on the drainage 
mechanism of the anterior chamber of the isolated eye, independent of nervous 
and circulatory influences, I devised a perspex perfusion apparatus (Fig. 3). 


Fic. 3.—Ox-eye perfusion chamber. 
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Tyrode solution, compounded 
as closely as possible to the 
known constituents of ox-aque- 
ous, flowed continuously into 
the anterior chamber through a 
wide-bore needle piercing the 
cornea. The flow was maintained ata pressure of 25 mm. Hg. 

The eye-ball was suspended in the top half of the apparatus, surrounded by 
a bath of liquid paraffin, maintained at a pressure of 10 mm. Hg to simulate 
hormal venous back-pressure. The tyrode solution entering the eye flowed 
out via the drainage channels, through the paraffin, and out of the apparatus. 
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After reaching an equilibrium, the outflow from the apparatus was recorded, 

The mean outflow from fresh ox-eyes was 1 to 4 ml./hr. This was close 
to the known physiological rate. The flow was less with eyes of old animals, 
rabbits, monkeys, and man. 

Direct injections of drugs or dyes, with a long thin needle running through 
the wide-bore needle, could be made into the anterior chamber of the eye 
’ without disturbing the balance of the whole system. Dyes emerged 4 minutes 
after injection at four cardinal points on the surface of the eye just behind 
the cornea-scleral junction, probably from the openings of the episcleral 
veins. Some drainage was also seen behind the equator. 

Injections of 0:1 to 2yg, adrenaline, nor-adrenaline, or acetylcholine 
did not influence the outflow. Sanguinarine 20 to 100 ug. diminished the 
outflow from 15 to 40 per cent. The decrease occurred during’ the first 15 
minutes after injection, and the outflow slowly returned to normal. The 
decrease over 15 minutes was comparable to the peak rise in ocular tension 
produced by injections into the eyes of living rabbits. This suggested 
that sanguinarine exerted a pharmacological constrictive influence on the 
outflow channels. 


Attempts to produce Glaucoma-like Changes in Live Animals with Argemone 
Oil and Sanguinarine. 

(a) A rabbit received daily subcutaneous injections of 2-5 mg. sanguinarine 
for 15 days. Another received a total of 100 mg. during 60 days in doses of 
5 mg. The ocular tension was measured by a Maclean’s tonometer several 


hours after each injection, but no rise in tension was detected in either animal 
during the entire period. Only local anaesthesia (1 per cent. anethaine) was 
used. 

(b) The basic ocular tension in a young rabbit was measured by a Schidtz 
tonometer. > 10 mg. sanguinarine was injected subcutaneously and a series of 
tonometric readings were taken every five minutes for 2 hours. The basic 
tension of 17 mm. rose to 32 mm. in 30 minutes and returned to normal in 2 
hours. The animal died after 12 hours. In another rabbit, two 5-mg. doses 
of sanguinarine injected subcutaneously produced 5-mm. rises in tension. 
A subcutaneous injection of 2 mg. sanguinarine into a guinea-pig produced an 
immediate small rise in tension. 

(c) A rabbit was wrapped up, and one eye was anaesthetized by Ancthaine 
drops and kept under a tonometer. 8 mg. sanguinarine was injected into the 
ear vein. There was a rapid rise in the tension which reached a maximum of 
13 mm. above the basic level within a few minutes and returned to normal 
in 15 minutes. 

(d) Two groups of ten young rats were each given, mixed in their food, 
either 1 ml. argemone oil or 0-35 mg. sanguinarine daily for 225 days (see 
“ Toxicology”). Half of the animals in each group also received 1 g. dried 
yeast. Ten rats were maintained as controls. The ocular tension was meas- 
ured in each animal with a specially lightened Maclean’s tonometer after 
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focal anaesthesia with anethaine. A serial record of tension, measured 
during the course of the experiment, showed an apparently slight i increase 
of tension in the poisoned animals. 

A series of ophthalmological and retinoscopical examinations was ena 
out on each animal on several occasions during the experiment. The pupil 
was dilated by drops of homatropine plus cocaine 2 per cent., instilled 
30 minutes before each examination. The optic disc, with the site and degree 
of any pallor, greying, edge or suspicious or definite cupping, was observed 
and recorded for each eye. 

Mr. Lloyd and Dr. Boyd alternately examined the eyes, without pre- 
knowledge of each rat’s group. Their observations were usually consistent 
with their own previous findings and with each other. Among the twenty 
poisoned rats, progressive cupping was noted in thirteen eyes and suspicious 
changes in ten more. Some control eyes showed a “ physiological ’’ cup. 

A series of retinoscopic examinations made on these animals showed a 
tendency towards increasing hypermetropia or hypermetropic astigmatism 
in the horizontal axis. This is a type of change similar to that in human 
buphthalmos in which increasing intra-ocular pressure distends the globe 
with reduction of the radius of curvature of the cornea. 

As the eyes of some poisoned rats seemed to be more protruding than those 
of the controls, the rats were killed at the end of the experiment, and each 
eye-ball was dissected and weighed. A comparison of the total eye weights 
of each group showed an increase in weight among the poisoned rats, which 
was possibly just statistically “* significant’. Yeast had no protective effect 
in any of the tests. . 

The eyes were fixed in Bouin’s fluid, each lens was carefully removed, and 
serial sections were cut at 5y and examined for histo-pathological changes. 
The section through the middle of the optic disc was determined by selecting 
that with maximum distance between the outer nuclear layer of the retina, 
intercepted by the optic nerve. Microscopic examination showed no con- 
clusive evidence of cupping of the type seen in human sections, nor was there 
any consistent relationship between the depth or shape of the opticnerve 
depression and the previous clinical findings. The blood vessels entering 
through the optic nerve often distorted the picture. — 

The rat eye lacks a lamina cribrosa. The clinical appearance of cupping 
may have been due to glial proliferation. Unfortunately no histological 
technique is available for demonstrating this on a quantitative basis. 

(e) The previous experiment on young poisoned rats had indicated a 
tendency towards raised tension, clinical evidence of cupping, hypermetropic 
astigmatism, and increased weight of the eye-balls (due to swelling). This 
Suggested another chronic experiment on old rats, in which, the eyes being 
less yielding, any rise in tension would precipitate more conclusive clinical 
and histological evidence of glaucoma-like changes. Two groups of old 
Tats were similarly fed on either argemone oil or sanguinarine for 250 days, 
a third group being kept as controls (see “ Toxicology”). Tonometry gave 
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inconsistent results. Serial ophthalmological examinations among the ten 
poisoned rats showed consistent and progressive cupping in six eyes and 
suspicious cupping in nine more. Retinoscopic examination, less consistent 
than in the previous experiment, showed similar hypermetropic astigmatism, 
but greater basic abnormality. The eye-ball weights showed no statistical 
increase among the poisoned animals. 

A similar detailed histological study was made on serial sections of the 
eye-balls of each rat. No confirmation of the clinical evidence of cupping 
could be obtained. 

A histological finding of great interest was detected in the retinae of several 
of the poisoned rats in this series of old animals. There was marked disor- 
ganization and degeneration of the nuclear layers of the retina, which was 
either complete, peripheral, central, or limited to one side only. The arge- 
mone-oil group showed maximum degeneration, and this was less evident in 
the sanguinarine and absent in the control group. 

The retinal toxicity of argemone oil and sanguinarine in old rather than 
young rats, may have some bearing on the age-incidence problem of primary 
glaucoma, should it prove to be toxic in origin. This toxicity has pharma- 
cological and clinical parallels with the action of quinine and quinidine. 


Acute Rise in Ocular Tension produced by Subconjunctival Injections of Arge- 
mone Oil or Sanguinarine in Rabbits.—As a result of my observations that 
sanguinarine caused a diminution in the perfusion outflow when directly 
introduced into the anterior chamber of the isolated ox-eye, Mr. Lloyd 
suggested the injection of sanguinarine subconjunctivally in live rabbits, 


based on the known absorption of penicillin from under the conjunctiva. 

Sanguinarine or argemone oil in small quantities (0-1-0-2 ml.), injected 
subconjunctivally into one eye of each of a series of rabbits, produced a 
remarkable rise in ocular tension. The other eye, which was injected with 
inert control substances, water, bland oils, etc., showed no such rise. 

The rabbits required no anesthesia, apart from a few drops of | per cent. 
anethaine (amethocaine hydrochloride), dropped into the eye before and sev- 
eral times during the examination. They were wrapped up in cloths and held 
with the cornea horizontal. A basic reading of the normal tension was taken 
with a Schiétz tonometer before each injection. After the injection a series 
of readings were taken at intervals of a few minutes (Fig. 4). 

When active substances were injected, there was a rise in tension beginning 
from 3 to 10 minutes after injection and coming rapidly to a peak in 15 to 
20 minutes. Some eyes maintained a high level of tension for 30 to 50 minutes, 
but usually there was a decline after 20 minutes and basic levels were reached 
in 40 to 90 minutes. After a single injection, the tension was well below the 
basic level on the following day and remained sub-normal. The tension did 
not drop much below the basic 24 hours after the injection of inactive sub- 
stances. Active substances often produced marked conjunctival inflammation 
and some corneal haziness. 
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Fic. 4.—Rise in ocular tension after intra-ocular or subconjunctival injection in 
rabbits, showing average of ten typical records. 


The basic tension in rabbits ranged from 20 to 35 mm. (average 28). 

Argemone Oil (over 22 tests) raised the basic tension by an average of 25 mm. above 
the basic level (maximum 43 mm). 

Sanguinarine (over 19 tests). 0:04-0-4 mg. in 0-2 ml. water raised the tension to an aver- 
age 25 mm. above the basic level (maximum 38 mm.). 

Inert Substances (olive, tea-seed, rape-seed, and gingelli oils, seed-oils from the opium 
poppy (Papaver somniferum L.) and certain other poppies, distilled water, priscol, etc.) 
produced insignificant or no change in the basic tension. 

Active Substances that raised the basic tension were found in: 

(a) capsule extract of Papaver dubium L., 

(b) seed-oils of certain papavers—Eschscholtzia californica Cham. (Californian 
poppy), Papaver argemone L., and Papver rhoeas L. (Cornfield poppy), 

(c) the alkaloid chelerythrine. 
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Results of Subconjunctival Injection in Other Species.—Injections of san- 
guinarine 0-4 mg. into two Malayan Macaque monkeys, under generalized 
nembutal or urethane anesthesia, produced rises of over 10 mm. above the 
basic level. Argemone oil 0-1 ml. also produced the same effect. The 
anesthetics may have diminished the rise in tension. 

Acute Rise in Ocular Tension produced by Anterior-Chamber Injections of 
Argemone Oil or Sanguinarine in Rabbits.—To avoid the severe inflammation 
and fibrosis of the ocular conjunctiva, the drugs were injected directly into 
the anterior chamber of the eye. The animals were prepared as for the sub- 
conjunctival technique. Minute quantities (0-01-0-02 ml.) of either the 
reactive or control substances were injected with a special syringe and a very 
fine-needle through a long trans-corneal approach into the anterior chamber. 
An equal volume of aqueous was drawn back into the syringe to re-establish 
a constant pressure in the eye, and the needle was removed. Successive 
tension readings were taken immediately after, and at intervals of a few 
minutes after the injection (Fig. 4). 

Argemone oil, sanguinarine, and other papaveraceous substances caused an 
acute rise in tension, and several control substances were found to be inert. 
The general slope of the graphwas similar to that of the subconjunctival tech- 
nique, except for an initial drop in the few cases in which aqueous escaped. 
The rise was usually quicker, and relatively small doses were effective. There 
was an immediate fall in tension in the few cases of experimental leaks from 
the needle track, which usually returned to base in 15 to 20 minutes. With 
inert substances the tension remained at this basic level whilst it continued 


to rise with active drugs. Very few animals were insensitive. 
Argemone oil (46 tests) 0:01-0:02 rhl. raised the basic tension by an average of 25 mm. 


(maximum 45 mm.). 
Sanguinarine (20 tests) 4-400 yg raised the basic tension by an average of 25 mm. 


(maximum 55 mm.). 

Inert Substances (20 tests; olive, tea-seed, and gingelli oil, water, 0-4 ug ethanol, 1-40 ug 
adrenaline in oil, etc.) produced no significant change in tension. 

Active Substances (35 tests) that also raised the basic tension were found in: 

(a) capsule extracts of Argemone mexicana L., Papaver rhoeas L., Papaver dubiumL., 
Chelidonium magus L. (Celandine), and Platystemon californicus Benth., 

(b) seed-oils of some papavers—Papaver rhoeas L., Papaver dubium L., and 
Eschscholtzia californica Cham.., 

(c) the pure alkaloids chelerythrine, quinidine, berberin, and those in the seed-oil 
of Eschscholtzia californica, and in the bark of Bocconia fructescens L. 

Most of the active substances, by either subconjunctival or anterior-chamber 
injection, produced constriction of the pupil (see ‘‘ Pharmacology ’’); adrenaline 
produced a marked dilatation. 

Some conjunctival inflammation was seen 24 to 48 hours after the injection 
of active substances. The cornea showed a generalized opacity when the active 
substances were soluble in aqueous. The opacity was. localized to the upper 
segment of the cornea when the active substance was an oil which floated as a 
drop to the zenith of the anterior chamber, thus indicating that the corneal opacity 
was a localized effect caused by substances diffusing. from the oil. With inert 
substances, except for a faint trace of the needle track, no pathological changes were 
detected in the eye. 
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With severe reactions, the anterior chamber showed exudation and anirregular 
pupil, and the iris became attached to the cornea. 

After several days, either the corneal opacity cleared up or a pannus with migrating 
blood vessels was formed upon it, or the opaque cornea was markedly proptosed. 

Prolonged Rise in Ocular Tension after Repeated Subconjunctival Injections in 
Rabbits.—Of three litter-mate rabbits, one was injected with 0-1 ml. argemone 
oil subconjunctivally into one eye daily for 6 days. The other eye was kept 
as a control. The tension was taken daily in both eyes before the injection. 
It was raised from 12 to 32 mm. Hg, both above the basic level and above 
that in the control eye. When the injections were stopped for four days 
because of severe inflammation of the conjunctiva, the tension was maintained 
at least 14 mm. Hg above basic level. Two more injections were given 
followed by a rest of 5 days, and the tension rose to 20 mm. Hg above the 
basic level. Five more injections were given, the tension remaining well 
above the basic. There was then severe conjunctival and subconjunctival 
inflammation, the cornea was opaque, and the whole eye was enlarged and 
proptosed. 

This rabbit was killed and the eyes examined histologically. The globes 
were markedly changed. Macroscopic observation of the treated eye showed 
a definite change in shape, mainly an elongation, suggesting a constriction of 
the limbal region. The cornea showed marked infiltration and formation of 
blood vessels containing blood, especially in its anterior part. The corneal 
epithelium was thickened.. The iris showed perivascular oedema. The spaces 
of Fontana were very distended and contained a fibrillar coagulum. The 
tissues in this region were oedematous. In parts of the retina, the external 
and internal limiting membranes were destroyed, the Miiller fibres poorly 
shown and oedema present. Oedema was also present around the vessels 
of the optic nerve. 

The two other rabbits were similarly injected with 0-4 mg. sanguinarine on 
all the corresponding days. In one animal the tension was maintained from 
10 to 23 mm. Hg above the basic level, in the other from about 10 to 16 mm. 
The histological changes were milder than in the eye injected with argemone 
oil. 

Chelerythrine acting like Sanguinarine.—A pure sample of chelerythrine, 
a closely related alkaloid even more widely distributed among the papavers, 
produced acute rises in ocular tension in a series of rabbits, when injected 
intravenously 2 mg., intraperitoneally 7-10 mg., subconjunctivally 100 ug., 
or intra-ocularly 10-20 wg. The effects were quantitatively comparable with 
those of equivalent doses of sanguinarine. 


Protection by Adrenaline, Ephedrine, and BAL.—The pharmacology of 
sanguinarine suggested a definite anti-adrenaline action. Experiments were 
conducted on a series of rabbits to determine if adrenaline and similar sub- 
stances prevented or reduced either the rise in ocular ‘tension or the 
pathological changes produced by argemone oil or sanguinarine. 
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It was first determined that 100 wg. adrenaline in water subconjunctivally, 
or | to 40 ug. adrenaline in oil intra-ocularly, produced dilatation of the pupil, 
but no change in the tension. 

(a) In a rabbit, 100 yg. adrenaline subconjunctivally, completely prevented the 
rise in tension expected from 0-01 ml. argemone oil intra-ocularly into one eye. 
The tension was raised in the other eye that received the oil but not the adrenaline. 
Histological study showed widespread destruction of the tissues at the angle, spaces 
of Fontana, and the ciliary body in the eye that was not protected. These changes 
were less in the eye receiving adrenaline. 

(6) In a rabbit, 0:02 ml. argemone oil intra-ocularly into one eye produced 
the usual rise in ocular tension of 20 mm. Hg above the basic level. Theeye showed 
marked inflammatory reaction and low tension after 24 hours. On the next day 
0-4 mg. adrenaline in oil was injected systemically, and after 30 minutes the other 
eye was injected with the same dose of argemone oil intra-ocularly. Adrenaline 
prevented the expected rise in tension, and much of the’ later inflammatory change. 
Systemic injections of adrenaline were continued daily for a week. This completely 
protected the second eye from later argemone effects, but did not reverse the changes 
of the argemone inflammation which preceded the use of adrenaline (Figs 5 and 6). 
Four other rabbits were similarly protected by systemic adrenaline. 


Fic. 5.—Damage to cilio-scleral Fic. 6.—Protection from damage 
spaces, and Descemet’s endothe- caused by argemone oil, similarly 


introduced into the other eye, by 
prior and subsequent systemic in- 
jections of 0-4 mg. adrenaline in oil. 


lium by intra-ocular injection of 
0-02 ml. argemone oil into rabbit 
eye. 

(c) In one eye of a rabbit, 0-01 ml. argemone oil intra-ocularly, preceded a second 
injection of 1 pg. adrenaline in oil intra-ocularly, by 30 minutes. Adrenaline 
decreased the rise in tension, but did not prevent the later inflammatory reactions. 
In the other eye, adrenaline was injected 30 minutes before the argemone, and the 


inflammatory reaction was mostly prevented. 
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(d) In one eye of a rabbit, 0-01 ml. argemone oil intra-ocularly produced a rise 
of 33 mm. Hg above the basic level, followed by marked reaction after 24 hours. 
In the other eye, an injection of a mixture of argemone oil and | yg. adrenaline in 
oil decreased the rise in tension and minimized the reaction. In another animal, 
a prior intra-ocular injection of 20 yg. adrenaline abolished the rise expected from 
20 4g. sanguinarine. 

(e) A systemic injection of 1 mg. ephedrine in rabbits checked the rise in tension 
due to argemone oil already injected intra-ocularly. Ephedrine prevented the effect 
of a succeeding injection of oil into the other eye. 

(f) BAL 50 mg. systemically or 10 mg. subconjunctivally prevented the tension- 
raising effect of argemone oil. 

(g) Cysteine 400. mg. systemically, 20 mg. subconjunctivally, or 2 mg. intra- 
ocularly prevented the tension-raising effect of argemone oil. 

(h) Benadryl, amphetamine, priscol, glutathione, and monothioethylene glycol 
showed indefinite effects. 

(i) Nembutal (pentobarbitone sodium) 60 mg. intravenously in a rabbit produced 
an immediate fall in the rising ocular tension caused by argemone oils but did not 
prevent a delayed rise. 


These experiments indicate that adrenaline and ephedrine antagonize the 
pharmacological tension-raising effects. of argemone oil and sanguinarine. 
Prolonged and repeated administration of the protective drugs are required 
to prevent the pathological changes. Adrenaline and ephedrine have been 
tried in epidemiological work in India. 


Argemone Glaucoma and Primary Idiopathic Glaucoma.—Argemone oil is 
the only known substance capable of causing human glaucoma. Kirwan 
(1935), observing the toxic aetiology of argemone glaucoma in India, 
first suggested the possibility of a similar toxic aetiology in primary glaucoma 
in other parts of the world. 


Except for particulate suspensions or gross infection, there is little evidence 
in the literature of any natural drug causing acute rises in ocular tension 
by systemic, subconjunctival, or anterior-chamber injection. The present ex- 
periments in a series of 150 rabbits have shown for the first timethat both 
argemone oil and sanguinarine, in very minute doses, cause acute and chronic 
rises in tension, histo-pathological changes at the filtration angle, and retinal 
degeneration. Further, chelerythrine, a closely related alkaloid, several 
other common papaver oils like those of Papaver dubium and P. rhoeas, 
and extracts of some papaver plants, also produced a similar rise and changes. 


The wide distribution of these papaver substances and their close relation- 
ship with argemone oil and sanguinarine seem to support Kirwan’s theory of 
the toxic aetiology of primary glaucoma. That toxic glaucoma is not wide- 
spread may be due to the protective action of proteins in a well-fed population. 
The age-incidence of primary glaucoma may be related to a possible lowering 
of adrenaline levels or of its local production, leaving the unprotected ocular 
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tissues more liable to toxic action. The emotional instability of glaucoma 
patients may be an attempt to counteract such lowering. 


Lloyd’s Theory of Ingestion of Natural Papaver Substances.—Kirwan’s 
theory has been followed up by Lloyd (1950, 51) who has shown some 
evidence of skin oedema and clinical similarities between argemone and 
primary non-congestive glaucoma. This has led him to suspect the possibility 
of the ingestion of common papaveraceous weeds, growing wild in England 
and other parts of the world. He believes that such ingestion could arise 
indirectly through eggs or pork: The possible contamination of cereals 
by such weeds, as with “ tail corn” fed to domestic fowls, may lead to the 
indirect ingestion of their poisonous principles. Mr. Lloyd has co-operated 
in several of my experiments in which the activity of certain British 
papaver substances was demonstrated. 


Diet and Endemic Glaucoma in Indian Communities.—In tracing the possible 
animal vectors which may transmit poisonous glaucoma-inducing substances 
to human populations, it must be noted that the members of the large Jain 
community of western India during the last 2,000 years have completely 
omitted meat and eggs from their diet throughout life, yet glaucoma is 
quite common among them. They consume large quantities of milk, and 
both Argemone mexicana L. and Fumaria parviflora Lam. are common 
weeds in their. cattle-grazing areas. 

The highest total incidence of glaucoma in Bombay is among the Jews, who 
take a high-protein meat diet; among the Muslims there is a medium 
incidence of glaucoma; both these communities omit pig-flesh from their 
diet. The Jews may be more prone to special inherited endothelial defects, 
such as are seen in Buerger’s disease. 

The emphasis on the suggestion of poisoned milk, rather than on flesh, as 
a vector in India, does not exclude other possibilities elsewhere. 


Summary 

(1) Argemone mexicana L.,an American weed, was introduced into the 
Eastern tropics in the early 18th century. 

(2) Epidemics of dropsy and glaucoma in India were traced in 1926 to 
argemone seed-oil contaminating cooking oils. 

(3) Sanguinarine, one of the active alkaloids in the oil, was isolated in 1948. 

(4) The present experimental study of the oil and its alkaloid has enabled 
both oedema and glaucoma-like changes to be induced in animals for the 
first time. 

(5) Argemone oil and sanguinarine appear to have three fundamental 


actions: 


(a) Anti-adrenaline action. 
(b) Histo-pathological effects on cornea, filtration angle, retina, and skin. 


(c) Effects on tissue-fluid balance. 





2 626 ~*~ @€5 we me es OUlCUrC 


{ l1Q OU ewwmow! es 


EPIDEMIC-DROPS Y GLAUCOMA 215 


A single unifying ‘“* biochemical lesion ” that may co-ordinate all these has 
not yet been found. 

(6) Modifications of the actions of sanguinarine by adrenaline, food protein, 
and BAL may suggest therapeutic measures for epidemic and general use. 


(7) The technique of oedema production by protein depletion may be 
‘employed as a new biological test for epidemiological work in the tropics, for 
the rapid production of toxic lesions in animals, and for the detection of 
other oedema- or glaucoma-producing substances. 

(8) The technique of producing acute rises of tension by subconjunctival 
or intra-ocular injections, is a new, delicate, and rapid method of detecting 
tension-raising substances. 

(9) The technique of causing sustained rises of ocular tension by the use 
of a natural plant substance, has produced pathological changes in animals 
similar to those of primary glaucoma. This may prove valuable for general 
glaucoma research. 

(10) Chemical, pharmacological, and ophthalmological evidence, lends 
support to a theory of the toxic aetiology of primary glaucoma in other 
parts of the world by indirect ingestion of papaver-like substances. 
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LATENT NYSTAGMUS AND ALTERNATING 
HYPERPHORIA+ 


BY 
J. RINGLAND ANDERSON 


Melbourne, Australia 


Amoncst 34,000 patients, 138 were found with congenital nystagmus, of 
whom at least twenty showed the form known as “latent nystagmus ”’. 
Of these, thirteen were classed as typical (Table). The nature and origin of 
this uncommon condition is a mystery. A curious fact was revealed in this 
study: all the patients with this form of nystagmus had another mysterious 
condition—alternating hyperphoria or “ sursumduction ”. It is thought that 
an explanation of this association may throw light on the sobnaid development 
and nature of the reflexes that underlie perfect oculomotor control. Let us 
first of all briefly consider the knowledge we have of the former condition. 


Latent Nystagmus 


This is an uncommon and unexplained condition, wherein nystagmus, not 
normally present with both eyes open, becomes manifest on occlusion of one 
eye and, as a rule, on conjugate deviation. The nystagmus is usually rhythmic 
in nature. Close observation reveals that the initial) movement on occlusion 
is a slow one towards the obstructed eye*. In conjugate deviation the slow 


component is away from the side looked at. 


This condition is probably closely related to cases of constant nystagmus which 
are more marked on covering one eye. As Sorsby (1931) pointed out, previous 
writers have included under the heading “ latent nystagmus ”’: 

(i) cases with no sign of nystagmus with’ both eyes open, even in the extreme 
positions of rotation; 

(ii) cases with nystagmus with both eyes open and when convergent or in con- 
jugate deviation; 

(iii) cases which usually show nystagmus with both eyes open, but none on con- 
verging or on fixing an object (Faucon’s case, quoted by Sorsby, 1931). 


Characteristics 

Age of Onset.—One assumes that this condition appears at the age at which cer- 
tain associated reflexes are normally called on to function. To prove this, routine 
observations of eye movements on alternate occlusion would be necessary. The 
earliest age at which it was recognized in the present series was 19 months. It is 
of interest that recorded patients are almost all young. The eldest of Sorsby’s 
five patients was 26, and the eldest of my twenty patients was 32 years old. 
Those patients who have been followed for a period of 5 years show no reduction 
of a hyperphoria though the latent nystagmus in some may be less 
marked. 





+Received for publication Sep ber 2, 1953. 


*The form of obstruction necessary to elicit nystagmus varies. In addition to the usual form of occlusion, some- 
times high spheres, prisms, or tinted glass before one or both eyes suffice. 
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| 
Visual | : 
cae Acuity  HyPerphoria(D-) souint | Muscles Affected | Birth Parity 
__| Righe | Let | R/L | LR 

1 ay 6/5 | 6/5 9 | 8 |LOCS. | +RandL.Lo. presentation, | Only child 

final +6 | —R. andL.S.R eo ised, 9 Ib. 

2 | 6/6 6/6 + + R.C.C.S. +R and L.LO. Four miscarriages First of 
before and two | five 
afterwards. Month 
premature 

3 | 6/12 6/9 11 10 | L.C.CS. 1.0. Face presentation Only child 

—L.Inf.R very slow 
S.O. 

4 | 6/9 6/9 7 7 | R.CCS. +R and L.LO. Slow, post-partum | Second of 

2?-—L.S.O haemorr! two 

5 | 6/9 6/9 7 17 | Divergent +R and L.1L.O. Normal Last of six 

+R and L.Inf.R. twin 
—Rand L.S.R. and O 
3 6 | 6/12 6/12 23 7 | Divergent +R and L.LO. Other twin died, | Only child 
Pa partly | partly —RandL.S.R. 3 Ib. 
3 7 | 6/24 6/12 13 | 9 L.C.C.S. +R and L.I.0. Quick First of 
2 | two 
< 8 | 6/12 6/60 7 9 | LC.CS. +Rand L.LO Normal Second of 
? S.O. four 
9 - i Pia 8 | 13-16 | Divergent +R and L.I.0. ‘Normal Only child 
6/9 \6)60 
if head tilted | 
10 | 6/36 6/12 3 4 Divergent ? Breach presentation, | First of two 
head injury 
11 | 6/24 6/36 10 9 L.C.C.S. +RandL.Lo. Forceps, small First of 
pelvis _ three 
12 | 6/12 6/18 7 9 Alternating | —R.L.O., later, Normal, lasted 30 | Only child 
partly C.C:S. —L.LO. hrs. 
13 | 6/36 6/36 20 3 Straight, —L.Inf.R. Normal Third of 
+2 six 
14 | 6/12 6/9 0 0 | R.C.C.S. Normal Normal First of two 
, 3 partly 
‘ 15 | 6/36 6/24 ? + C.C.S. Not tested Breach presentation | First of two 
a later days, baby for 2 
a 6/12 0 bd 
partly 2L 
16 | 6/9 6/5 R.C.C.S. +L.L.0O. Labour 2 days First of 
partly i later .?—L.Inf.R. three 
| 
17 | 6/6 6/36 ? + | LOCs. ?-L,1.O. Prolonged, contrac- | Only child 
3 ?2—LInf.R. ted pelvis 
S\ 18/66 | 6/18 ne — |LCCS. | No note No note No note 
s | 
3 | partly 
>| 19 | 6/5 | 6/60 2? | 15 | Divergent | +RandL.L.O. | Normal Second of 
7 —RandL.s.R four, first 
| | | | stillborn 
20 | 6/9 | <6/60| Left 6 | LCCS. —LS.R. | Injured, eye band- | First of 
| | eye later | Divergent later +R.1.0. | aged five 
| cannot 0 +L.1.0. | 
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Conjugate Deviation Occlusion é 
Eyes Front Fusion and 
To Right To Left Of Right Of Left Correspondence 
Nil Clockwise Anti-clockwise Anti-clockwise, later | Clockwise later | Abnormal 
rhythmic nil 
Nil Rhythmic and | Rhythmic and | Rhythmic, horizontal | Rhythmic, Poor fusion 
rare slow rota- | rare slow rota- horizontal 
tion tion 
Nil, sometimes | Anti-clockwise | Clockwise Rhythmic, horizontal | Rhythmic, Absent 
slight rotatory | abducted eye horizontal Some fusion 
of 
Nil, sometimes | Slight anti- | Slight clockwise | Rhythmic, horizontal | Rhythmic, Absent 
slight clockwise | clockwise and horizontal 
horizontal of 
abducted eye + 
Nil Fine Fine Rhythmic, horizontal | Rhythmic, Good with stereo 
Left moves Left moves horizontal 
Nil or slight | Slight rotatory | Fine, rhythmic, | Rhythmic, horizontal | Rhythmic, Absent 
horizontal and slight ro- horizontal . 
tatory 
Nil Nil Rhythmic Rhythmic, horizontal | Rhythmic, Abnorma! 
horizontal 
Nil Nil Nil Rhythmic, horizontal | Rhythmic, Few degrees 
horizontal 
Fine, horizontal, | Coarse rhythmic | Fine rhythmic | Rhythmic, horizontal | Rhythmic, No fusion 
sometimes nil horizontal 
Nil Nil Nil Rhythmic and on | Rhythmic, No note 
convergence horizontal 
Nil Rhythmic slow | Rhythmic fine | Rhythmic, horizontal | Rhythmic, Absent 
and fast horizontal 
Nil ? Nil Rhythmic Rhythmic, horizontal | Rhythmic, Good 
horizontal 
Nil or slight | Rhythmiccoarse | Rhythmic fine | Rhythmic, horizontal | Rhythmic, Good with stereo 
horizontal horizontal 
Very fine, 6 | Fine and fast | Coarse Rhythmic Marked Fair with stereo 
years later nil 
Fine, fast to | Coarse Fine Not tested till Left | Not tested till | No note 
Right; after excision then slight ft excision 
Left excision then nil 
nil 
Nil or slight | Slight rhythmic | Very slight of | Nil Slight Normal, no range 
irregular of | horizontal of | Right . 
Right only Right 
Nil Rhythmic Rhythmic Nil Rhythmic Left amblyopic 
Nil No note No note Rhythmic ? Nil Left amblyopic 
Nil Fine and fast; | Coarse, 5 years | Coarserhythmic Right | Nil Left amblyopic 
5 years later nil | later nil | turns up 
Slight horizontal | Very fine (or | Coarse L>R Rhythmic | Nil Left amblyopic 


or nil. 
for near 


None 


nil) rhythmic 





| 
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(Left has no fixation) 
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Inheritance.—As far as I could ascertain in this series, there was no instance of 
more than one member in a family being affected. Neither have I been able to 
find a report in the literature of such an occurrence. Certain reports however have 
not been available. One patient in my series had a sister with alternating hyper- 
phoria but no nystagmus. Each had had a difficult birth. 


Visual Acuity.—There is great variation in the patients in this series: 
(1) 6/12 or better in each eye, eight patients: 
6/12, 6/9; 6/9, 6/9; 6/9p, 6/5; 6/6, 6/6; 6/12p, 6/12p; 6/5, 6/5; 6/6, 6/6; 6/6, 6/12p. 
(2) 6/12 or better in only one eye, seven patients: 
6/24, 6/12; 6/12, 6/60; 6/60, 6/9; 6/36, 6/12; 6/9, 6/60; 6/5, 6/60; 6/6, 6/36. 
(3) Less than 6/12 in each eye, five patients: 
6/24, 6/36; 6/12p, 6/18; 6/36, 6/36; 6/36, 6/24; 6/36, 6/24. 

The upward rotation does not vary with the defect in vision. Neither does the 
worse eye necessarily show the greater upward turn. For example: 

(1) The greatest upward rotation in this series was R/L 23, when one eye with 6/12 
partly was fixing, and the least was R/L 3, when the other eye also with 6/12 partly was 
fixing. 

(2) Another patient had L/R 13-16 when the right eye with 6/9 was fixing, and R/L 8 
when the left eye was fixing with 6/60. 

Kestenbaum (1946) wrote “ if one eye is removed the nystagmus of the remaining 
eye persists as a permanently visible nystagmus, which may gradually decline in 
intensity’. Fromaget (quoted by Sorsby, 1931) reported such acase. One patient 
of mine (Case 15) was an exception to this rule for his constant fine nystagmus dis- 
appeared when he lost one eye. It appears that vision does not play a great part, 
for in some cases covering the better eye and in others covering the worse eye, 
leads to greater nystagmus (Sorsby, 1931). Acuity varies from 6/5 to 6/60. 

The visual acuity may be lessened by the nystagmus. In one of our patients the 
vision of each eye separately was 6/24 and binocularly 6/6. Manual fixation of 
the globe may improve vision. 


Retinal Correspondence and Fusion.—Retinal correspondence was either absent 
or abnormal in eight cases (1, 3, 4, 6, 7, 11, 17, 18). 

Fusion was absent in these cases, except 3, and in two other cases (9, 20). It was 
poor in five (2, 3, 16, 8, 14), and good with stereopsis in three (5, 12, 13). It was 
not tested in the remaining one (10). 


Associated Motor Defects.—Strabismus was present in all except one of my cases. 
In eleven it was convergent and in five divergent, an unusually large proportion 
for the latter. 

Overaction of both inferior oblique muscles was shown in eleven cases: 


Four cases showed underaction of one or both superior rectus muscles, and one 
showed underacting superior rectus and superior oblique muscles and overactive 
inferior rectus muscles. 

In two cases one inferior oblique and one inferior rectus muscle appeared to be 
weak. 

In one case one inferior oblique muscle overacted and the inferior rectus appeared 
to be weak. 

In one case both inferior oblique muscles were weak. 

In one case one inferior rectus appeared to be weak. 
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Only one patient (15) appeared to have full versions. It was significant that he 
was the only more or less typical case that had no alternating hyperphoria (14). 
The versions of the remaining two were unknown (10, 18). 

The most important associated muscular anomaly however was the condition 
known as alternating hyperphoria. 


Causes.—There was no consanguinity and no obvious sign of inheritance 
in this series. 
Difficulties at Birth—The incidence was high. 
1, face presentation, face bruised, 9 Ib.; 
2, face presentation, very slow; 
one month premature, preceded by four miscarriages and followed by two 
before the next baby, also premature; 
slow followed by severe haemorrhage; 
weighed 3 Ib., one of twins, other died; 
breach presentation, forceps, head injury; 
injuries at birth, eye bandaged; 
breach, undiagnosed for 2 days, ‘‘ baby black ”’, 
much delayed, pelvis contracted. 


In six cases the labours were described as ‘“‘ normal’. In at least three other 
patients who were primiparous, forceps were used, after 30, and 48 hrs, and an 
unknown period. Of the last the doctor wrote “ the pelvic outlet was observed to 
be narrow and probably more force than usual would have been necessary”. So 
nine births were difficult, six were “‘ normal ’’, three were possibly so, and the nature 
of one (18) was unknown. There is a possibility that undue pressure or anoxaemia 
may have occurred even in a labour described years later as “ normal”. Two of 
the patients were unrelated twins. The second twin in one instance had died at 
birth and in the other instance was normal and of opposite sex. 

Parity. 

Only labour 6 First of five labours 2 Third of six labours 1 
First of two'labours 4 Second of two labours 1 Last of six labours (twins) 1 
First of three labours 2 Second of four labours 2 Unknown 1 

Occlusion.—In the common constant form of congenital nystagmus the move- 
ments are not usually increased by occlusion and sometimes they are lessened. 
This is in marked contrast with its influence in latent nystagmus. 

It was interesting to observe the effect of occlusion in a patient with constant 
congenital nystagmus and hippus. In frontal gaze there were fast fine clockwise 
rotatory movements, the right eye moving more than the left. These movements 
were increased on looking to the right and became fine and horizontal on looking 
to the left. Covering the right eye (R V=6/24) increased the movements, and the 
tate of the hippus, and covering. the left eye (L V=6/9) slowed the nystagmus and 
lessened the hippus. On looking’ up or down the nystagmus became horizontal. 
The face was turned to the right to improve vision though no position of rest was 
found. The patient was the first of three children. The labour (in 1921) was 
described as being instrumental and very bad, the mother being kept in hospital for 
6 weeks after delivery. 


Various Stimuli—There are two typical means of revealing latent nystagmus: 
(1) Covering one eye. 
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(2) . Conjugate deviation. This failed to produce nystagmus in two of the otherwise 
typical cases (8, 10); in two others it failed towards one side only (7, and 
possibly 12). 

In addition, the following methods are sometimes adequate: 
Shades of varying intensity over one eye. 
High convex lens before one eye. 
High convex lenses before both eyes. 
Prisms before one or both eyes. 
Convergence may lessen the nystagmus, but in some cases has increased it 
(Fromaget and Dorff, quoted by Sorsby, 1931). 
Covering part of the field especially the macular region (Kestenbaum, 1946), 
bar-reading or on looking towards the nose. 
A bright light shining into one eye. 


| Contradictory results. 


(1) On occlusion, the nystagmus is nearly always rhythmic with the slow 
component towards the covered eye. On conjugate deviation rhythmic 
nystagmus is more common than rotatory nystagmus. On conjugate devi- 
ation the slow component appears to be away from the side looked at. 
Sometimes close observation is necessary if one is to see this initial slow 
movement. It is comparable with the rare condition called “‘latent deviation” 
Kestenbaum (1946), in which, when one eye has very poor vision, covering 
the better eye leads to a deviation but not nystagmus. Kestenbaum considers 
that the eyes do not return from this position because the impulse from the 
weak eye is insufficient. The open eye rotates inwards towards the covered 
eye and the covered one is abducted and no nystagmus occurs. 

(2) The ocular movements of the typical cases in this series may be sum- 
marized as follows: 


| 
Type of Movement 


Position Movements 








Rotary Rhythmic 





Frontal Nil 
Sometimes slight 





To right Present 
Mixed 
Nil 


NO] MO 





To left Present 
Mixed 
Nil 





COD] coon] Nn 


Right occlusion Present 
Mixed 
Nil 





— 


Left occlusion Present 
Mixed 
Nil 











The number of patients with rotatory movements in this series is worthy of note. 
All except one of them changed to horizontal movements on occlusion. As the 
majority of patients in this series had defective balance of the oblique muscles it 1s 
likely that such imbalance can explain the frequency of these rotatory movements 
round the antero-posterior axis. 
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Variability.—Js latent nystagmus an entity ? 

It appears that there is no hard and fast line between latent and ordinary 
congenital nystagmus. Van der Hoeve (1918) reported a man with constant 
nystagmus which became latent. In the author’s series of cases with constant 
congenital nystagmus there were some in which the nystagmus with both eyes 
open was so slight as to be scarcely visible. It is known that congenital 
constant nystagmus may disappear, and the question must be asked whether 
latent nystagmus may disappear, for it is variable and the patients reported 
are usually under 33 years. It appears that fatigue plays a part in producing 
nystagmus, and not infrequently once the movements have been produced 
they may persist for a time in frontal vision. 

Several patients with latent nystagmus displayed fine horizontal movements 
in the frontal position when fatigued. The most interesting was Case 9, 
regarding whom several points deserve attention: 

(a) When not fatigued the patient showed nystagmus only on obscuring either eye, or on 
placing +2°00 D sph. before both, or on conjugate deviation to either side. His angle 
with the right eye fixing at 0°, was —5° L/R 13-16, and with the left eye fixing at 0°, 
—5° R/L 8. 

(6) When fatigued the nystagmus became constant, the movements being least on 
looking up to the left. This was opposite to his head-position of choice, viz. head towards 
right shoulder and chin down. The nystagmus was almost as much reduced on looking 
down to the right. 

(c) When he was first examined he was 7 years old and vision in the right eye with 
+1°0 D.sph. was 6/60 and in the left eye with +2°5 D.sph. and +3°0 D.cyl. 6/9; 18 months 
later the vision in the right eye was 6/60 with + 2°0 D.sph. and in the left eye 6/6 with +3°5 
D,sph. and +.3°0 D.cyl. For this reading his face was turned to the right and his head 
slightly tilted towards the left shoulder. 

He was not examined again until the age of 14 years, when the vision in the right eye 
was 6/60 with head straight, but 6/6 partly with his face to the right and chin down. 
The left eye with —1°0 D.sph. and +3°0 D.cyl. read only 6/36, and was not improved 
in any direction. What caused the reversal in vision? 

(d) It was interesting to observe that the upward deviation was less when the good eye 
was fixing (viz. R/L 8) than when the poor eye was fixing (L/R 13-16). 

Not only the nystagmus but also the alternating hyperphoria may vary 
from visit to visit. 

Case 11, aged 7 
10° L/R 8; 
7° R/L 10. 

TL/R 8; 

6° R/L 10. 


30.1.53 Right eye fixing at 0° x 
Left eye fixing at 0°x 
13.5.53 Right eye fixing at 0° x 
Left-eye fixing at 0°x 
13.7.53 Right-eye fixing at 0° x T° L/R 7; 
Left eye fixing at 0° x 9 R/L 1. 

Though there is variability, and transition occurs from typical latent to 
constant nystagmus, the characteristics of the former are sufficiently definite 
to warrant its consideration as a separate entity. Not every case is identical, 
but the more closely we examine any abnormal condition the more slight 


variations from its typical features will be found. 


tit i ud 
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The essential feature of this type of congenital nystagmus is its appearance 
on occlusion; in addition it is closely associated with alternating hyperphoria, 
imbalance of the oblique muscles, and a rotatory type of nystagmus. 

Other forms of congenital nystagmus rarely increase on occlusion, nor 
are they associated with alternating hyperphoria. 


Atypical Cases 

Case 14, aged 22, clerk, developed convergent strabismus after whooping cough, when 
2 years old. Visual acuity in the right eye 6/9; in the left 6/6. Nystagmus: Frontal, nil; 
to right, fine rhythmic, fast to right; to left, coarser, fast to left. To either side the 
adducted eye shows less nystagmus. Right occlusion produces slight rhythmic movements 
which cease on fixation. Left occlusion shows marked rhythmic nystagmus, fast to left! 
His optico-kinetic nystagmus is slight but normal. With right eye fixing at 0°, his angle is 
+4R/L0. With left eye fixing at 0°, his angle is +3 R/L 0. Fusion from —4° to + 15°. 
Fair stereopsis. Versions normal. 

This case is unusual because the patient has no alternating hyperphoria. On alternate 
occlusion either eye swings in but not upwards. It appeared as if this marked esophoria 
might suppress sursumduction, but when the esophoria was corrected with prisms none 
was revealed. Nystagmus on occlusion was more marked when the patient was wearing 
glasses. Convergence produced a slight nystagmus. The left eye was strongly dominant. 

Case 15, 44 years old when first seen, had had a convergence and nystagmus all his life. 
After a breach presentation, unrecognized for 2 days, he was “ black ” at birth and the 
doctor said that “‘ it was a miracle that he was alive ’’. Visual acuity was 6/36 in the right 
eye and 6/24 in the left. Nystagmus—frontal—very fine, fast to right, increased on covering 
either eye. To right—coarse, fast to right; to left—finer, fast to left. No,note regarding 
hyperphoria was made. 

At 74 years the left eye was lost after an accident. At 13 years there was no nystagmus 
in the frontal position but coarse nystagmus to the right and less to the left. On occlusion 
of the right eye the prosthesis rotated upwards slightly! He had apparently developed 
latent nystagmus after excision of the better eye. This is the reverse of Fromaget’s case 
in which nystagmus became constant after the loss of one eye. Is the difference due to 
the dominance of the eye that is lost? In this case the better eye was lost. Unfortunately 
we do not know if the alternating hyperphoria existed before the loss of one eye. 


Sorsby (1931) pointed out that no reported case showed greatest nystagmus 
in the position of adduction, but that nystagmus was greatest in abduction 
in some patients and in the central position in others. The movement ap- 
peared to lessen if the uncovered eye was adducted, that is, if it looked in the 
direction of the slow component. Cases have been reported in which there 
was “spring nystagmus” when one eye was covered, but “ oscillatory ” 
nystagmus when both eyes were open. 

It is of value to realize that frequently the unbalanced tone that produces a 
slight rotatory movement in the central position or even on conjugate devi- 
ation is subjugated to a more powerful horizontal stimulus on occlusion. 
This stimulus leads to the characteristic sow movement towards the opposite 
side and is followed by the fast recovery that produces the rhythmic character. 

An example of this is Case 4. On frontal gaze there was either no movement or very 
slight clockwise rotation; to the right slight horizontal and anticlockwise rotation, and to 
the left slight clockwise rotation developed, but on occlusion the movements became 
rhythmic (cf. also Case 14), 
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Unilateral Nystagmus : 

In this condition either covering one eye only or conjugate deviation in 
one direction produces nystagmus. Both eyes move, though not necessarily 
to an equal degree. 


Cases 19 and 17 showed rhythmic nystagmus on covering the better eye only (visual 
acuity right eye 6/5, 6/5; left eye 6/36 and 6/60) and on conjugate deviation. In the former 
the movements were fine to the right and coarse to the left. ai . 

Case 18 showed nystagmus on covering the better eye (visual acuity, right eye 6/6; left 
eye 6/12 partly). No note about conjugate deviation. - 

Case 20 usually showed no nystagmus on frontal gaze, but if he was tired fine movements 
appeared. Looking to the right movements were fine, but on looking to the left coarse. 
Covering the righit eye (visual acuity 6/9) led to increased nystagmus, but when the left eye 
(visual acuity 6/60) was covered no nystagmus was seen. 

Right eye fixing at — 15°, angle — 13 L/8. 
0°, angle —10 L/6. 
+15°, angle —10 L/4. 

Left eye unable to fix. 

Case 16 did not have nystagmus on covering the right eye. At other times only the left 
eye appeared to move. 


Alternating Hyperphoria (Alternating Sursumduction) 


Every case of true latent nystagmus in this series, with one exception 
(14), showed a varying degree of alternating hyperphoria. In the unilateral 
form, and in constant congenital nystagmus, upward rotation on occlusion 
was not observed. 


Since confusion exists regarding the term “ alternating hyperphoria”’, let us 
briefly consider the position. Verhoeff (1941) advocated the use of the name 
“occlusion hypertropia ”’, but since it appears to the author that phoria is at 
present the familiar title, the name “ alternating hyperphoria ” is used here. 

There are three objections to the use of the term “ hyperphoria ” according to 
Verhoeff: é 

(a) In true hyperphoria one eye shows an upward deviation when not fixing and its 
fellow a downward deviation if it be coveted. 

(6) In true hyperphoria, not complicated by strabismus, the upward deviation is due to 
the removal of bifixation, while in this condition this may not be so. The real anomaly 
is the same whether bifixation exists or not. . In a few typical cases the deviation of one 
eye under cover has been first measured with prisms. Then, neither eye being covered, 
arotary prism has been rotated before this eye until the base-up prismatic effect is such 
that its consequent downward deviation is replaced by an upward rotation. Usually then, 
if the condition is one of “ occlusion hypertropia ”, this eye will rotate further upwards 
ifoccluded. This additional upward deviation was not due to the release of bifixation. 

_(c) When “ occlusion hypertropia ” is present with strabismus, the upward deviation is 
not exhibited until one eye is covered, though the existence of strabismus itself prevents 
bifixation. 

It seems to the author that the first objection is overcome by the term “ altern- 
ating hyperphoria ”, meaning a condition in which an upward deviation of either 
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eye is present, if the eye is not fixing, not simply an upward deviation of one eye with 
a downward rotation of the other when not fixing. In spite of objections (a) and (5) 
the author prefers to use “ hyperphoria ”, because it contains the idea of a latent 
upward deviation rather than the idea of a “tropia” obvious under normal 
conditions. 


There appear to be two, possibly three conditions: 


(1) A simple isolated upward turning of each eye separately under cover. This is 


symptomiless and requires no treatment. There is no sign of paresis. Chavasse considered 
that it was a return to the position of absolute rest—upward and outwards—the reflex 
response to the stimulation of one retina being insufficient to effect that which is normally 
achieved by the stimulation of both retinae. Scobee (1952) supported this conception, 
but preferred the term “ alternating sursumduction ”. 

(2) Scobee emphasized the need to distinguish “‘ double hyperphoria ” from alternating 
sursumduction. When upward rotation of either eye occurs under cover in the presence 
of some evidence of muscular imbalance, such as overaction or underaction, then a 
pathological condition—* double hyperphoria ’—exists, which may require treatment. 

(3) This condition is not infrequently present with a double vertical strabismus— 
alternating hypertropia, Bilateral paresis of the depressors can account for this. The 
deviation or squint that results is seen in binocular vision, but its increase on alternate 
occlusion shows the additional hyperphoria. 


Are we then to consider three separate states? 
(1) Alternating Sursumduction—Upward deviation of either eye occurring when 
binocular vision is interfered with and in the absence of any muscular imbalance. 
(2) Alternating Hyperphoria.—Similar upward deviation of either eye associated 
with even the least muscular imbalance, overaction of the inferior oblique muscles. 
(3) Alternating Hypertropia—Upward deviation of either eye obvious in bi- 
nocular vision on alternating fixation. This is due to paresis of the depressors 
and to it may be added a degree of hyperphoria. 


Whether we consider two or three conditions depends on: 


(a) whether “ alternate sursumduction ” ever occurs without some slight oblique 
imbalance, 

(b) whether overaction of an inferior oblique muscle always can be classed as a 
sign of past or present paresis. 


The author has no notes of a case of alternating hyperphoria without 
evidence of some vertical imbalance. The non-paretic causes of oblique 
imbalance are summarized elsewhere (Anderson, 1947). It is claimed that 
if the very common overaction of one or both inferior oblique muscles be 
included as “a sign of paresis”, then this pure form of sursumduction is 
very rare. 

Consideration of this series suggests that there are but two separate conditions: 

(1) Alternating (or occlusion) Hyperphoria’ (or Sursumduction) in which varying 
signs of vertical muscle imbalance can be elicited though not visible in frontal 
binocular fixation, 


(2) Alternating (or double) Hypertropia in which signs of paresis are obvious in 
binocular vision, and to which a degree of “‘ phoria ” may be added. 
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One other question must be asked, Is the upward deviation, so common 
in adduction suggestive of an overacting inferior oblique muscle, really due 
to imbalance or to “ occlusion hyperphoria ” following the interruption of 
binocular vision as the nose obstructs the field of the adducted eye? If this 
were so, surely we should.find just as many diagnoses of underaction of the 
superior oblique muscles on looking down and in? In addition, would there 
not be a sudden swing as soon as the vision of the adducted eye was obstructed 
by the nose? As the answers to both questions are negative we can discount 
this explanation. 


Suggested Explanations.—There are three movements to be explained: 
(i) Upward rotation of the covered eye. 


(ii) Slow movement of both eyes towards the side of the covered eye, 
. (iii) Slowmovement of both eyes away from the direction of conjugate deviation. 


On considering the first of these, several ideas present themselves. Does 
the movement result from: 


(a) a return to the position of'rest, comparable with Bell’s phenomenon, ~ 
(6) oblique muscle imbalance, 

(c) the release of peripheral fusion, 

(d) unequal retinal stimulation, similar to Bielschowsky’s phenomenon ? 


If the movement is simply a return to the true position of rest, why does 
occlusion of both eyes not lead to double sursumduction? How can the eyes 
be so dissociated that only one eye rotates upwards? 

Light on this problem may come if we consider the control of ocular 
fixation. It is difficult to explain the manner in which a covered eye follows 
the movements of its fellow, unless we postulate a monocular conjugate 
mechanism. This conception is supported by the unilateral cases of latent 
nystagmus, of which there were five in this series (Cases 16-20). In such 
cases nystagmus following occlusion of only one eye can be explained, as 
Verhoeff suggested, on the assumption that there is a conjugate mechanism 
for each eye. That means two monocular conjugate mechanisms, but these 
will not explain the more common in which horizontal nystagmus 
occurs on covering either eye, when no horizontal or rotatory nystagmus 
is present in binocular vision. Verhoeff pointed out that binocular fixation 
cannot be the main factor, since strabismus is nearly always present and 
suggested the presence of a binocular conjugate mechanism. 

The present series shows that there is, at least in most cases, excessive 
action of one or both inferior oblique muscles. It will be seen that similar 
imbalance was found in the majority of eighteen patients with alternating 
hyperphoria in the absence of nystagmus. In addition extorsion of the covered 
eye and intorsion as it descended after occlusion was not infrequently noticed. 
This suggests an oblique imbalance, for in normally balanced upward ro- 
tation no torsion is visible. 
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The reasons for the frequency of oblique imbalance cannot be considered 
here. It is of interest however to recall that certain peculiarities of the superior 
oblique muscle—the characteristics ‘of its course, and of the course of its 
nerve supply—appearing late in phylogeny make the muscle liable to congen- 
ital defects. The nuclear association of the muscle with the homolateral 
inferior rectus is also of interest. 

In eighteen cases of alternating hyperphoria wither nystagmus the fol- 
lowing defects were found: 


i 

Five had unilateral inferior oblique overaction; (three of these had an underacting 
inferior rectus). 

Eleven had bilateral inferior oblique overaction; (three of these had underaction of both 
inferior recti, one had underaction of one superior rectus, and one had overaction of one 
superior oblique). 

Two had superior oblique overaction and underaction of one inferior rectus, (one of 
these also had underaction of one inferior oblique). 

All but two of the total had convergent strabismus; one of these was esophoric 
and the other was divergent. 


Valuable information comes also from observations of any ocular torsion 
of the occluded eye that may occur as it rolls up or downwards. As a rule 
upward rotation is associated with extorsion. This, and the increase of up- 
ward rotation on looking towards the uncovered eye, suggests a weakness 
of the superior oblique muscle. Verhoeff (1941) suspected hypoplasia of the 
nucleus of the inferior rectus in two unilateral cases, for in them the covered 
eye showed intorsion and the upward rotation was greatest when looking 
down and outwards. 

It is not claimed that these diagnoses present complete pictures of the de- 
fects in each case, but they do show the close relationship between the 
inferior ocular muscles and alternating hyperphoria. Verhoeff suggested 
muscular conjugate insufficiency of a superior oblique muscle as the main 
cause in many cases, but weakness of a superior oblique muscle was present 
in some of my cases, and such weakness may be frequently overlooked. 

Oblique muscular imbalance is probably an essential factor in the produc- 
tion of alternating hyperphoria. It is also worthy of repetition that the only 
patient with typical latent nystagmus and no alternating hyperphoria was 
the only one with normal versions (Case 14). 

The frequency of rotatory nystagmus in this series of patients with latent 
nystagmus is probably due to the high percentage with the same defect. 

What force produces recovery in alternating hyperphoria? Is it simply 
fusion? 


For example Case 16 had, with right eye fixing, —3°, L/R 21, and with left 
eye fixing —4°, R/L 22. Visual acuity was 6/9 partly in the right eye, and 6/5 in 
the left. The patient had only “‘ momentary fusion without range”. Away from 
the synoptophore her eyes appeared straight. The right eye did rotate up at times 
but could be brought straight again at will. 
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Fusion was considered to be absent in twelve of 23 patients with altern- 
ating hyperphoria without nystagmus. Correspondence was either absent or 
abnormal in six of these. Is it peripheral fusion then that holds the eyes 
parallel in binocular vision or produces recovery after occlusion? If fusion 
is so essential, why does not upward rotation occur in its absence apart 
from monocular occlusion? 

The withdrawal of “‘ fusion” that permits the unveiling of alternating 
hyperphoria may be a factor in some cases. The existence, however, of two 
monocular and one binocular conjugate mechanism as the foundation on 
which the fixation reflex is built appears to be a reasonable assumption. 

It is possible that an arrested development of one or other of these may 
occur as a result of some disorder at birth. The subsequent revelation of 
an existing oblique imbalance would then become the essential cause of 
alternating hyperphoria. 

How then can we explain the latent nystagmus that becomes manifest on 
occlusion? It appears that the withdrawal of retinal stimulation, by 
occlusion and other means, produces a slow movement towards the covered 
eye. If the tone of the horizontal rotators is not correctly balanced, a fast 
recovery and rhythmic nystagmus will supervene. Now, as withdrawal 
produces this effect, it is reasonable to assume that the stimulation that has 
been withdrawn had been causing the opposite movement previously. 
That is, a sharp image on one macula causes a slow deviation towards the 
opposite side—the opposite effect of withdrawal (Kestenbaum, 1946). 
Such stimulation reaching each eye at the same time may explain normal 
parallelism and throw some light on convergence. 

Variations in the efficiency of certain stimuli and the presence of latent 
nystagmus with unilateral cataract make one doubtful that this explanation 
alone is adequate. 

We have seen that at least half of the patients in this series had some 
difficulty at birth. It is significant too that almost one-third of the mothers 
concerned did not have a second labour, and that another third had but one 
more child. 

It is suggested that it is reasonable to associate delay and difficulty at birth 
with these defects, for they depend on the development of a complex system 
of reflexes, which probably does not reach maturity until term or soon 
afterwards since demands are not made on it until some months after birth. 


Measurement.—In alternating hyperphoria the orthoptist has many problems, 
the main one being the variation in the measurements obtained. Consider- 
able study of each patient is necessary, and the information that is essential 
for the surgeon can be gained as a rule by the following tests: 


(1) Measurement of the relative positions of the eyes when looking into the dis- 
tance in the absence of any slides in the synoptophore, the orthoptist relying on 
corneal reflexes. 
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(2) ‘Measurement of the angle chosen for fusion of suitable slides. 

(3) Measurement of the angle chosen for simultaneous perception with each eye 
fixing alternately. : 

The influence of adduction and abduction may reveal the presence of 
oblique muscle imbalance. This should be looked for with each eye at 
—15° and +15°. These measurements should reveal: 

(1) position of eyes at rest,* 

(2) influence of fusion, 

(3) degree of alternating hyperphoria. 
Treatment.—Since the defect is not manifest in binocular vision it calls for 
little treatment. Accurate correction of refraction and possibly the training 
of fusion are indicated. An operation may be indicated for the imbalance 
that exists with the hyperphoria. Before this is carried out careful measure- 
ments and possibly photographs are essential. 


Conclusions 


Analysis of so small a series as this paper presents can permit the drawing 
of only tentative conclusions. As such the following may be of value: 


(1) Latent nystagmus may be regarded as an entity. It shows variations, but is 
characterized by its appearance on occlusion of either eye. In addition, in some 
cases, the nystagmus at times may be constant. Such cases merge with the small 
group with constant nystagmus which increases on occlusion. 

Variants of any so-called typical condition are usually discovered by careful 
observations of its appearances. — 

(2) As with experimental vestibular nystagmus, the exciting agent appears to be 
asymmetrical stimulation of distance receptors, but the former condition is physio- 
logical, whereas latent nystagmus arises from a disordered basic mechanism. 

(3) With one exception, every case of latent nystagmus in this series showed 
alternating hyperphoria. Both conditions can be increased by nervous tension 
and fatigue. 

(4) The nystagmus on occlusion is nearly always rhythmic, with the initial slow 
component towards the covered eye. The nystagmus that occurs on conjugate 
deviation is frequently rotatory; when it is rhythmic the slow component is away 
from the direction of gaze. 

(5) The rotatory form of nystagmus is probably due to oblique muscle imbalance. 

(6) Alternating hyperphoria, in the author’s experience, is always associated 
with signs of imbalance of the oblique and sometimes of the rectus muscles. It 
may be added to the obvious vertical defects of alternating or double hypertropia. 
A study of versions and of any ocular torsion as the covered eye rotates upwards 
or- downwards reveals the nature of the imbalance. 

(7) The term “alternating sursumduction” has been used for the upward 
rotation of either eye on alternate occlusion in the absence of “ any obvious signs 
of paresis”. If imbalance of the oblique muscles is included as such a sign, the 
author is not familiar with any such condition of “ alternating sursumduction ”. 





*It may not be possible to estimate the true position of binocular rest by a machine that depends on the separation 
of the vision of one eye from that of its fellow. 
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(8) It is suggested that latent nystagmus and alternating hyperphoria may be due 
to arrested development of the oculomotor mechanisms that underlie binocular 
fixation. Their full elaboration may o prevented at any early stage in development 
when they are vulnerable. 

(9) It is suggested that difficulties at birth, which were very common in this 
series of patients, may cause both these conditions. No evidence of inheritance was 
observed in this series. 

(10) All the patients in .this series and the great majority in the literature were 
under 35 years of age. Latent nystagmus appeared to grow less with age in some 
patients, but no diminution of alternating hyperphoria was observed. 


Comment 

The usefulness of the title “latent nystagmus’”’ for the condition under dis- 
cussion may have passed. In a wide sense many forms of nystagmus exist that 
may be described as latent. Some are physiological, but others are not, for they 
reveal an abnormality of some neurological mechanism. The optico-kinetic 
form may be regarded as a physiological latent nystagmus. So may that 
following vestibular or acoustic stimulation. Occasionally forcible opening 
of closed eyelids, or sudden backward jerking of the head and conjugate 
movements of the eyes, or, as we have seen, obstruction of the vision of one 
eye, may produce nystagmus, provided an underlying sensori-motor 
mechanism is disordered. 

The author wishes to express his thanks to the orthoptists Miss J. Burns-Priddle and Miss M. 
Jacobs for their help with this paper. He is grateful also to Dr. T. E. Lowe, Director of the Baker 


Institute, Alfred Hospital, and to Mr. Thomas O’Connor, photographer to this hospital for the 
photographic work that assisted this investigation. 
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THE CORNEO-SCLERAL SUTURE* 
A TECHNICAL MODIFICATION 
BY 


H. B. STALLARD 
London 


THE corneo-scleral suture is to-day widely recognized as important in the 
prevention of serious complications at the time of cataract operation and 


during convalescence. Properly placed corneo-scleral sutures assist in the 


healing and firm closure of the section. 

Nevertheless, Dunnington and Regan (1951) have shown histologically 
the. dangers of over-enthusiasm and faulty technique in the use of corneo- 
scleral sutures. It is evident that when these sutures are placed deeper than 
half the thickness of the cornea, and are tied too tightly, and that when many 
sutures are used, such complications as epithelialization of the corneal edges 
and the anterior chamber, deep necrosis, cystoid cicatrix, cicatricial ectasia, 
peripheral synechia, and late iris prolapse may occur. 

It is desirable, therefore, that only one or two sutures be used, and that 
these should pass no deeper than half the thickness of the cornea, should 
not be tightly tied, and must be removed between the 10th and 12th day after 
operation. 

Controversy still exists ii about the advantages and disadvantages of inserting 
the corneo-scleral suture before or after the section is made. It is likely that 
greater accuracy in obtaining exact apposition is achieved by the so-called 
“‘ preplaced ” suture. The alleged disadvantage that this pre-placed suture 
makes the section more difficult is negligible in the hands of a skilled operator. 
On the very rare occasions when the stitch is cut by the cataract knife it may 
be readily passed again through its former track. 


Surgeons who use the so-called “ post-placed”’ suture claim the advantage 


of a clear field for the section. The precise anatomical alignment of the suture 
meridionally in depth is difficult to obtain in a soft eye and in some cases the 
passing of a suture after the section is made may be dangerous and even 
impossible if vitreous presents in the anterior chamber on completion of the 
section. 

There are many types of corneo-scleral suture. Any suture inserted through 
the cornea and sclera adjacent to the section but not directly through it, 
such as the mattress suture of Liegard, Kalt, and Harrington, and the suture 
I described in 1938, may cause inversion of the wound edges and gaping on 
its deeper surface with the liability to peripheral synechia, cystoid cicatrix, 
and iris inclusion in the wound. 
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So I prefer a modification of MacLean’s pre-placed corneo-scleral suture 
with a stay-knot on the corneal end when one suture is used, the final 
passage of the suture through the conjunctival flap being postponed until 
after the extraction of the lens. 

Technique 

A small tongue-shaped conjunctival flap based on the limbus is cut and turned 
down over the upper part of the cornea. The area for the insertion of the suture 
and for the section is cleanly exposed with one or two strokes of a small muslin 
swab and a few strokes with the edge of an angled Tooke’s corneal splitter held at 
right angles to the corneo-scleral surface. A scleral hook (Stallard’s) is now engaged 
in the limbus and held forwards and downwards in the 12-6 o’clock meridian. This 
helps to fix the eye and exerts slight traction on the anterior lip of the 2.5-mm. 
corneo-sclera] incision made at and concentric with the limbus at 12 o’clock through 
slightly more than half its thickness (Fig. 1). 


Fic. 1.—Lids retracted by sutures and Castro- Fic. 2.—Corneo-scleral suture. Needle engaged 
viejo’s suture retractors. A white suture is in scleral lip of incision. 
passed through the superior rectus belly. A small 


ae seer book Guland) ic pode ~The scleral hook retracts the anterior 
in the limbus at 12 o’clock. The corneo-scleral lip of this incision forwards and down- 
po sat 2.5 = wn | at som Te wards. There is seldom any bleeding, but 

us, is made with a small cataract knife. Yen this may mask the passage of the 
suture it is checked by the fine tip of a heated probe. The point of the needle 
(Vogt’s corneo-scleral) bearing Kalt’s 6/0 black silk engages the sclera almost 
vertically 1 mm. behind the centre of the posterior lip of the incision, and when 
about 0.3 mm. deep it is turned to emerge in the bottom of the incision having 
traversed half the thickness and no more of the limbus (Fig. 2). The needle is 
passed on in the same line to engage the anterior lip of the incision and is then 
turned forward to emerge on the surface of the cornea about 1 mm. below the 
incision. At this point the surgeon uses Michaelson’s counter presser to stroke 
the conjunctival flap upwards over the wound so that it lies in its normal position 
covering the wound; this same instrument may be used, if necessary, to assist 
the passage of the needle through the cornea. With a good corneo-scleral needle 
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and Kalt’s 6/0 silk, counter-pressure around the needle point is unnecessary. 

When about 4 : of silk has emerged, the needle is removed from this end of 
the suture (which is double-armed) and a substantial knot consisting of at least four 
loops is tied 1 cm. from the end of the suture. The suture is now seized with plane 
forceps as it traverses the depths of the corneo-scleral wound and is drawn out 
into aloop. The lower corneal arm is pulled upward until the substantial knot lies 
on the cornea at the site of the needle exit through the lower lip of the incision. 
The purpose of this knot is to act as a stay against which the suture may be drawn 
and the section thus closed quickly and firmly immediately on delivery of the lens. 

The corneal arm of the suture loop is now passed over and round the screw of 
Castroviejo’s lid retractor in the centre of the lower lid, it is then carried round 
the screw of the upper lid retractor (Castroviejo’s) which is in the centre of the lid 
and so in the line of the suture. The loop is drawn taut between the two retractors 
with epilation forceps applied to the scleral arm of the suture. When the desired 
tautness is effected the scleral arm of the suture is firmly clamped to the head 
towel slightly to the nasal side of the mid-line (Fig. 3). This scleral arm of the 
suture wears a needle which is laid on the towel and covered with a small swab 
soaked in normal saline to mark its position and to prevent it from being swept 
off the thread. 


Fic. 3.—Loop of corneo-scleral suture drawn Fic. 4.—Section nearly complete. Fixation 
out of incision and passed over and round forceps have been released. Plane forceps hold 
Castroviejo’s screw lid retractors. It is drawn scleral arm of suture. 

taut between the retractors and is held thus by 


clamping the scleral arm of the suturetothe head = The retracted and taut arms of this 
sini Renee of the corneo-scleral incision are Suture serve to retract the edges of the 
incision and so obviate the risk of cut- 
ting the suture as the cataract knife emerges to complete the section (Fig. 4). The 
suture is also lifted forward away from the wound by Castroviejo’s screw retractor 
and its position is always in view throughout the section. Its effect in assisting 
fixation of the eye is slight. 
I have tried a number of ways of securing this suture and to-date I think that 
the method described above suits my technique. The alternatives are: 


- (1) For the assistant to hold the corneal and scleral arms of the suture and to exert on 
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these just the right degree of traction during the progress of the section. This method is 
safe and good with an assistant of superb manual dexterity who is able to keep his hands 
well clear of the surgeon’s manoeuvres. In clinics where the assistants change frequently 
the practice period is painful to both the surgeon and assistant and perfection is never 
enjoyed for long. Another disadvantage of this manual retraction is that both the é assis- 
tant’s hands are immobilized. 

(2) The opened arms of Lang’s speculum laid across the nose will retract and raise the 

arms of the suture, but the speculum is not fixed and so there is the danger of its slipping 
and dragging on the corneo-scleral suture and the lips of the section. . 
- (3) I have tried Sinclair’s and Arruga’s speculum with bosses added to the upper and 
lower blades, but I find that the upper blade of any speculum is sometimes in the way, 
and I think that the operation is more safely done without a speculum and by suture 
retraction of the eyelids. 

‘When the section is nearly complete and the cataract knife lies below the limbal 
incision for the suture, the surgeon releases fixation of the eye and into his hand 
thus freed the assistant places a pair of plane forceps for the purpose of making 
any small adjustments in the position of the conjunctival flap and for holding the 
scleral arm of the suture if necessary (Fig. 4). 

When the section is complete, the clamp on the scleral arm of the sutureis released 
and this arm is seized between its entrance into the scleral lip of the incision and 
the Castroviejo screw retractor on the upper lid. The suture is drawn slightly 
upwards so as to slacken the taut loop hitched round the Castroviejo retractors from 
which it is now reflected, and laid on the bulbar conjunctiva on the temporal side 
of the eye. By drawing the scleral arm upwards, the size of the loop is diminished 
to a dimension large enough to allow the lens to pass without hindrance. The 
suture is moistened in saline to keep it in position and to facilitate and expedite 
its passage through the section when it is drawn taut immediately on delivery of 
the lens. 

The corneal arms of this suture, held in plane forceps, are used to lift the cornea 
$0 as to obtain a direct view of the iris and lens capsule 

(i) when doing peripheral iridotomy, 
(ii) when seizing the capsule with forceps. 

By lifting the corneal flap, injury to the corneal endothelium is avoided for the 
iris and the capsule forceps thus do not enter the anterior chamber in contact with 
the corneal endothelium. 

Immediately before application of the forceps to the capsule the assistant applies 
a bull-dog clip to the free end of the scleral arm of the corneo-scleral suture, and 
he holds this between his finger and thumb with the rest of his hand flattened 
against the fronto-vertical region of the skull. As the lens is passing through 
the section the assistant draws gently on the suture, and as the lower part of the 
lens equator emerges from the section the suture is quickly.tightened to close the 
section securely. The assistant applies his finger to the suture as it crosses the towel 
over the supra-orbital margin, and holds it thus for a few seconds to allow the 
vitreous face to settle. 

It may sometimes be necessary to slacken the suture to allow the separation of 
the section by 1 mm. or so in order to disentangle the iris root and so ensure accurate 
Teposition of the iris. In the case of extra-capsular extraction slight slackening 
may be necessary to allow the larger flakes of soft lens matter to leave the eye when 
the anterior chamber is irrigated. 

When the toilet of the anterior chamber and iris is complete, the conjunctival 
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Fic. 5.—Needle on scleral arm of suture passed Fic. 6.—Section closed by corneo-scleral suture 
through conjunctiva from its deep surface 1 mm. and conjunctival flap by three sutures. 
above limbus. 


flap is held in plane forceps and drawn upwards to a plane at an angle of about 
30° with the sclera sufficient to allow the passage of the needle on the scleral arm 
of the suture from the deep surface of the conjunctiva to its.superficial 1 mm. above 
the limbus in the meridian of the suture as it traverses the limbus (Fig. 5). The 
free corneal arm of the suture with its knot is now drawn forward for 1 cm. so 
that the knot is clear of the cornea; at the same time the wound is held closed by 
very gentle posterior traction with the plane forceps applied to the conjunctival 


flap. The knot is then cut off the corneal arm of the suture and with suture-tying 
forceps (Stallard’s) a surgical knot is tied with sufficient firmness to co-apt the edges 


of the section without tension. 
The edges of the conjunctival incision are closed by three to five interrupted 


sutures (Fig. 6) tied with the first double loop of a surgical knot. 


Two Corneo-Scleral Sutures 


Recently I have practised this technique with the sutures passed meridianly at two 
sites, 11 o’clock and 1 o’clock (Fig. 7). The course of the suture is first through the 
scleral lip of the 2-mm. long half-thickness limbal incision at 11 o'clock, then 
through the corneal lip. Thence it is carried over the surface of the cornea to enter 
the corneal lip of the 1 o’clock half-thickness limbal incision, and afterwards through 
the scleral lip. The scleral arms of the suture are then laid on the head drape on 
either side of the 12 o’clock meridian. 

That part of the suture which passes over the surface of the cornea between the 
corneal lip of each incision is now pulled downwards and looped over the screw of 
the lid retractor in the centre of the lower lid (Fig. 8). The loop in the depth of the 
11 o’clock incision is pulled out and the corneal arm is looped over the:screw of the 
lid screw retractor of the lower lid, and the scleral arm of the loop is carried round 
the screw of the lid screw retractor on the upper lid margin in the same meridian. 
The loop over the screws is tautened so that the silk is lifted clear of the cornea 
and sclera, and the free scleral end of the suture is drawn taut across the head towel 
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Fig. 7.—Passage of corneo-scleral suture through 
two half-thickness limbal incisions at 11 0’clock and 
1 o'clock respectively (Conjunctival flap omitted 
from diagram for the sake of clarity). 


to which it is clamped with a bull-dog clip. 

In this way the lips of the limbal incision 

are separated to facilitate the exit of the 

corneal knife in the right plane and ee bash itis, 

clear of the suture. Fi. 8.-Loops of corneo-scleral suture passed around 


A similar procedure is done with the screws on lid clamps, made taut, and secured by 
1 o’clock suture which is looped over ‘lamping free scleral ends to head-towel with bull- 
the screws of the lid screw retractor in eS ae he of cei 7 
the lower lid and in the 1 o’clock meridian 
of the upper lid. The loops are tautened and the free scleral end of the suture is 
clamped to the head towel parallel with the 11 o’clock meridian suture. Fig. 8 
shows the arrangement of the loops around and between three Castroviejo lid screw 


retractors. 
During delivery of the lens the assistant holds both scleral arms clamped in a 


bull-dog clip, and after delivery of the lens, when this suture is tightened, the wound 
is more firmly closed than when one suture is used. After the needles on the scleral 


arms of the suture are passed through the conjunctival flap, the corneal loop of 
suture which unites the corneal arms and traverses the cornea between 11 and 


1 o’clock is gently drawn forward for 1 cm. and cut in its middle, thus leaving 
two free ends for tying, the one at the 11 o’clock meridian and the other at the 
1 o’clock meridian. 

This procedure is not complicated and I have not found it embarrass the section. 
To-date there has been no incidence of iris prolapse and it seems that two sutures 
are more effective than one in checking post-operative hyphaema. 


Results 
In 331 consecutive cases in which I have used one suture there has been no 
iris prolapse. The anterior chamber was absent for 7 days after the removal 
of one suture, but it reformed, peripheral synechia at 12 o’clock has occurred 
in one patient, and hyphaema of 1-2 mm. in eight patients. 


Removal of the Corneo-Scleral Suture 
The corneo-scleral suture should be removed between the 10th and 12th 
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day after operation, and it is safer to do this in the operating theatre. 
Pethidine is given 45 min. before the removal of the suture. Adequate 
surface anaesthesia is obtained by pantocaine and adrenaline drops. The 
upper lid is held forwards and upwards by the assistant, and the patient is 
directed to look down. Any mucus which has collected around the suture 
is gently removed with a marten brush moistened in saline. The knot of the 
suture is carefully lifted and a fine pair of de Wecker’s iris scissors is placed 
tangentially on the eye so that the blades may straddle one end of the suture 
between the knot and the limbus. The forceps grip is now released and the 
scissors are closed. The knot is gripped again with fine plane forceps and 
the suture is withdrawn. 

Provided that the suture is not dragged forward and is not too deep, it is 
unlikely that the anterior chamber will be opened and aqueous lost. 


Summary . 
The value of the corneo-scleral suture is discussed. The so-called “ pre- 
placed ” interrupted suture, a modification of MacLean’s, is preferred. The 
technique of arranging the suture so as to separate the edges of the corneo- 
scleral wound and facilitate the completion of the section with a cataract 
knife is described. 
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THE CORNEO-SCLERAL TRACK SUTURE* 
A NEW TECHNIQUE 
BY 
MAHMUD ALI SHAH 
From the Department of Ophthalmology, Dow Medical College, and Civil Hospital, Karachi, Pakistan 


VerY many different corneo-scleral stitches are used in cataract extraction, 
and it is generally agreed that such stitches should be capable of closing the 
corneo-scleral section promptly at any stage of the operation with perfect 
apposition of the lips of the wound and without danger of inversion. It 
should, furthermore, be simple to introduce, and not hinder the subsequent 
steps of the operation. For obvious reasons a suture placed before beginning 
the corneo-scleral section is to be preferred. 


Track Suture 


According to these criteria, a track suture may be considered satisfactory. The 
usual technique for placing this suture may be summarized as follows: 


The conjunctiva is separated from the upper part of the limbus, and somewhat under- 
mined. A No. 5 black silk suture on a semicircular }” needle is passed vertically across 
the limbus through the superficial half of the sclera and cornea, including 2 mm. of each 
at 12 o’clock. This track suture is then cut short so that a few millimetres remain pro- 
truding from each end of the track. The section is then made, cutting the track at the 
corneo-scleral junction, and dividing the suture within it. The track is now threaded 
from the corneal side with a No. 6 black silk suture double-armed with 135° 4” needle, © 
by pulling out the contained suture from each half of the track. The upper needle also 
includes the cut edge of the conjunctiva. The central part of the suture is lifted up, as a 
loop, and the cataract extraction proceeded with. While tying the suture, the assistant 
pulls down the conjunctiva over the wound which is thus sealed off effectively. 


The outstanding feature of the track suture would appear to be the perfect 
apposition of the lips of the wound which it affords without any tendency to in- 
version. The threading of the track, of the limbal end particularly, is sometimes 
time-consuming and requires practice. Moreover, although the track is made before 
the section, the stitch, in essence, is post-placed, as the track is threaded after the 
section, a serious drawback should a crisis necessitating closure of the wound 
develop during the early part of the operation. To overcome this shortcoming 
in an otherwise satisfactory procedure, the following technique is suggested. 


A Pre-Placed Track Suture 


The conjunctiva is separated from the upper part of the limbus with a few nicks of a 
straight conjunctival scissors, and somewhat undermined. By applying fixation forceps 
near the limbus at 6 o’clock the globe is fixed, and rotated down by a slight pull on the 
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bridle suture through the superior rectus. An unthreaded semicircular }” needle is passed 
vertically through the superficial half of the sclera, 2 mm. above the limbus, at 12 o’clock, 
so as to emerge after traversing the anterior half of the cornea 2 mm. below the limbus 
(Fig. 1). The needle is allowed to remain in this position and the fixation forceps are 
removed. A horizontal cut is then made through the limbus down to the needle with a 
sharp narrow knife. This cut divides the anterior layers of the track (in which the needle 
is lying) into two parts, scleral and corneal (Fig. 2). The slot separating these two parts 
extends for 2 or 3 mm. on either side of the needle.. While the cut is being made there is 
a tendency for the needle to wobble. It is essential, therefore, to steady it by catching it 
near the tip with a fixation forceps, and lifting it up a little. As soon as the limbus has 
been cut down to the needle the feel of the knife against the needle is unmistakable. 


The track’ needle is now withdrawn by a needleholder, and the track is threaded with 
No. 6 black braided silk suture on a Grieshaber 7 mm. needle (a 135° 4” needle may 
be used instead). After taking in the conjunctiva the suture needle is introduced into 
the track from the scleral side (which is accomplished easily), emerges from the 
corneo-scleral slot, and is pulled out of it (Fig. 3). The suture is pulled forward with the 
needle to make a large loop. The suture needle is next introduced into the slot through 
the upper end of the corneal track, and emerges from the lower end of the corneal 


track (Fig. 4). 


zy, 


Fic. 3. Fia. 4. 





No difficulty is encountered in finding the track after removal of the track needle, and 
it is surprising how quickly the threading of the track is effected without any hitch or 
loss of time. The assistant now holds apart the free ends of the suture along with the 
upper and lower ends of the loop, while the corneo-scleral section is performed in the 
usual way. Care is taken to bring the knife edge out of the slot at the conclusion of 
sectioning (Fig. 5). Alternatively the keratome and scissors technique may be employed. 
When the lens extraction has been performed and the suture is being tied, the assistant 
brings down and holds theconjunctiva over the wound with two narrow conjunctival forceps 
placed on either side and near the stitch. This helps to seal off the wound effectively. 

The same track needle can be used for a number of operations, and the process of cutting 
the corneo-scleral junction down to it does not appear to affect either the subsequent 
utility of the needle or the cutting edge of the knife. 
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assed The main advantages of the 
— pre-placed track suture are that 
s aa it is placed before the corneo-scleral 
vith a section, and also secures perfect 
eedle | apposition of the wound edges with- 
parts os a out danger of inversion. This stitch 
ere is \ has been used in over a hundred 
ag cataract operations with very satis- 
, factory results. Although I prefer 

not to make a conjunctival flap, 

/ ; “the technique outlined above could 
J / also be used in cases where this 

is considered desirable. 


A technique is described of placing a corneo-scleral suture in cataract 
surgery before making the section; it is based on the principle of making and 
threading a track through the anterior half of the sclera and cornea near the 
limbus, in order to achieve perfect apposition of the wound edges without 
danger of inversion. 

Dr. Ishrat Hussain, Registrar in this Department, kindly made the accompanying drawings. 
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THE DARK-ROOM TEST* 
BY 
A. C. HIGGITT 


From the Glaucoma Clinic, Institute of Ophthalmology, London. 
Director of Research: Sir Stewart Duke-Elder 


One of the provocative tests used to reveal the instability of ocular tension 
characteristic of glaucoma is the dark-room test. It has been known for over 
40 years that darkness can increase the intra-ocular pressure, slightly in nor- 
mal eyes and markedly in some cases of glaucoma, but there is still lack of 
agreement about how this occurs. This is not surprising in that it reflects 
our ignorance of many of the fundamental processes of glaucoma. 

Grénholm (1910), who first described a case that showed this reaction 
considered that the pupillary dilatation reduced the drainage capacity of the 
iris, and Seidel (1922) attributed the change to obstruction of the angle of the 
anterior chamber by the periphery of the iris. Other authors deny the effect 
of angle block and implicate a neuro-vascular disturbance, which may be 
within the eye (Feigenbaum, 1931) or of a more widespread character, possibly 
involving the hypothalamic region (Magitot, 1948; Weinstein, 1953). 

Primary glaucoma may be divided into two main groups, simple and con- 
gestive, the clinical features of which are well known. Anatomical differences 
between these groups were first noticed by Priestley Smith (1887), who found 
the shallow anterior chamber to be a typical sign of the acute congestive form. 
Numerous observers, starting with Barkan (1936), found that eyes subject to 
attacks of acute glaucoma always had narrow chamber angles. Eyes of 
patients with chronic simple glaucoma may have angles of any width and 
in this respect do hot differ from non-glaucomatous eyes of similar age group. 

Sugar (1941), investigating the mydriatic test, found that a marked rise of 
tension occurred only in eyes that had a narrow angle and that the angle was 
closed by the mydriasis. Kronfeld (1949) stated that the dark-room test is 
applicable only to such eyes, but no series of cases has been reported to con- 
firm this. Bloomfield and Kellerman (1947), comparing several provocative 
tests in eyes with chronic simple glaucoma, found the dark-room test to be 
of little value. 

This paper presents information obtained from about 400 dark-room tests, 
which were performed as part of the routine investigation of patients atten- 
ding the glaucoma clinic of the Institute of Ophthalmology. The problem was 
two-fold: to find out in what type of glaucoma (if any) the test would be of 
clinical value; and to study the mechanism of the rise of ocular tension. 


Method 
All tensions were recorded with the same Schidtz X tonometer and by the same observer, 
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two drops of 1 per cent. amethocaine being used as a surface analgesic. Four readings 
were taken of the tension of each eye. The first reading was taken on the patient’s arrival, 
and the second half an hour later, the intervening period being used to examine the angles 
of the anterior chambers, using the Goldmann contact glass and the Haag-Streit slit-lamp. 
Some eyes showed evidence of a spontaneous rise of tension, in that the second reading 
was higher than the first, and these were excluded from the series. The patient then sat 
in a completely dark room for an hour, and was instructed not to go to sleep. At the end 
of this period the tension was measured again, using the minimum of light, and in some 
cases gonioscopy was then repeated. The light was then turned on and a final tension 
reading was taken after a further half hour had elapsed. 
: Results 

The three accompanying scattergrams correlate the tension immediately 
before going into the dark-room with the change which occurred during the 
next hour, each dot representing the reaction of one eye. All these eyes were 
unoperated and miotics had been withheld for at least 24 hours. 

Fig. 1 shows the results in 117 normal eyes. There was an apparent 
tendency for the tension to rise, the mean being +2-1 mm. Hg, the range 
from —4 to +9 mm. Hg. 91 eyes with chronic simple glaucoma behaved 
similarly (Fig. 2). There was again a mean rise of 2:1 mm. Hg, but the scatter 
was greater, ranging from —7 to +14 mm. Hg. This is not surprising in 
view of the diversity of the initial tensions. Fig. 3 shows the very different 
behaviour of 122 eyes with congestive glaucoma; the mean change of 
tension was +16-2 mm. Hg (range 0 to +64). 
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Fic. 1.—Results of dark-room test on 117 
normal eyes. 
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Fic. 2.—Results of dark-room test on 91 eyes Fic. 3.—Results of dark-room test on 122 eyes 
with chronic simple glaucoma. with congestive glaucoma. 
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It is at once obvious that the dark-room test is of clinical value only in 
cases of congestive glaucoma. It seems that a test should not be considered 
positive unless the tension rises more than 9 mm. Hg or reaches a level above 
31 mm. Hg. Adopting these criteria, of 86 eyes with congestive glaucoma 
the tensions of which were all below 32 mm. Hg, before the test, positive 
results were obtained in 67, that is, in more than three-quarters of the total. 
Repeated tests on the same eye showed the response to be variable, a great 
rise one day being often followed by an insignificant one on another day. 

Bangerter and Goldmann (1941) and Sugar (1941) report gonioscopic 
observations of eyes suffering from congestive glaucoma in which the angles 
were found to be open during a phase of low tension, but closed when the 
tension was raised. Ross (1953) made similar observations in two cases in 
which the rise of tension was provoked by darkness. Weinstein (1953), 
however, could detect no change in the angle in one case after a strongly 
positive dark-room test. 

In the present series 39 eyes were examined both before the dark-room 
test and after a large rise of tension had been caused by one hour in the 
dark. The second gonioscopy was done immediately after the tension had 
been recorded, the contact lens being inserted using as little light as possible. 

It is not easy to tell whether these narrow angles are open or closed; often the 
relevant region is entirely obscured by a convex iris; in others only a little 
anterior trabecula can be seen. Some eyes do permit a good view into an 
obviously open narrow slit, but this is exceptional. In 21 of these 39 eyes 
the angles were not well enough seen to assess their patency. The appear- 
ances were unchanged after the tension had risen. 

Two angles which were definitely open below before the test, the upper 
part not being visible, were found to be closed on the second examination. 

The remaining sixteen eyes were seen to be open all around at first. Two of 
these were still open after a positive dark-room test, seven were open below 
but closed above, and the other seven were closed all round. 

Whilst watching these angles in the dark, it was noticed that the light of the 
slit lamp caused a marked variation in the width of the angle according to 
whether it shone into the pupil or not. A greater change was seen as the 
light was switched off and then on again after about 2 seconds; momentarily 
the iris root seemed to be in contact with the cornea, then, as the pupil 
contracted, the base of the iris became less convex and the angle opened. 
This movement of the iris base was not noticed until late in the investigation, 
but it seems to be present in nearly all cases to some degree, although it is 
not always great enough to close the angle completely. It is seen clearly 
only when the angle is not obscured by a convex iris, is present in some nor- 
mal eyes with angles of medium width, and is abolished by miotics. 

One case was particularly instructive in this respect. The angle of the 
patient’s right eye was narrow but readily visible, and had a segment from 
6.30 to 8.30 o’clock which was much wider than the rest where ciliary body 
could be seen. When the ocular tension was 27 mm. Hg, the angle was 
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open all round, but the narrow five-sixths appeared to close by forward © 
movement of the iris root when the light was off. The wider segment 
narrowed but still remained open. An hour in the dark raised the tension 
to 70 mm. Hg and closed the angle, even when the pupil was illuminated 
by the slit-lamp beam, except for the segment from 6.30 to 8.30. Switching 
the light off and on left no doubt that this region also was closed in the dark. 
A drop of eserine brought the tension down to 25 mm. Hg, opened the angle 
all round, and abolished movement of the iris root. The patient was seen 
again on another day when the iris root was less mobile and did not appear to 
close fully when the light was off. After an hour in the dark the tension rose 
by only 4 mm. Hg and the angle remained open. 

Miotics tend to abolish the rise in tension which occurs in the dark, or 
at least to reduce it towards the normal range; 27 eyes that showed an 
average rise of tension of 24 mm. Hg when miotics were withheld, showed 
an average rise of only 6 mm. Hg when they were used. 
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Fic. 4 (a).—Graphic record of a _ Fic. 4 (6).—Dark-room test repeated in the same 

dark-room test in a case of congestive patient as Fig. 4 (a) after the right Pupil had been 

glaucoma. dilated with 1 per cent. adrenaline 
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The effect of mydriasis upon the test is of interest. Fig. 4(a) shows the 
change in tension of a patient kept in the dark for an hour. He was one of 
the seven patients whose angle could be seen to close completely as the tension 
tose. Fig. 4(b) shows the same test repeated after the right pupil had been 
fully dilated with a drop of 1 per cent. adrenaline; this failed to provoke 
arise of tension. The angle of the right eye was opened wider by the my- 
driasis so that posterior trabeculae could be seen all round. The tension 
remained unchanged after a stay in the dark and the angle remained open. 
This was confirmed by another practically identical case. 

In most instances surgery prevented the characteristic dark reaction but 
there were several interesting exceptions. Fig. 5 (overleaf) shows the results 
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in 33 eyes which had been trephined 
and in 28 eyes which had under- 
gone broad iridectomy. Five of 
the latter had a rise of more than 
9 mm. Hg, the highest being 14 
mm. Hg. Of the trephined eyes, 
four had a large rise (15, 20, 23 
and 26 mm. Hg respectively) ; each 
had a peripheral iridectomy, ex- 
tensive but not total peripheral 
anterior synechiae, and showed no 
sign of drainage. Gonioscopy 
io § % 2 30 w «2 4 so 88 disclosed no difference in the angle 
INITIAL TENSION (mm. Hg SCHIOTZ ) after a stay in the dark. 


Fic. 5.—Results of dark-room test in cases Feigenbaum (1931) stated that 


of congestive glaucoma, 33 eyes which ha’ this characteristic rise of tension 


had undergone broad iridectomy (circles). occurred in aniridia. Three such 

baat cases were tested, two with glau- 

coma, and a third with normal tension. In none of these six eyes did the 
tension change during an hour in the dark. 
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Comment 

There appear to be two distinct mechanisms involved in the dark-room 
test; one which causes the slight rise of tension in normal eyes, in chronic 
simple glaucoma, and in cases of congestive glaucoma when using miotics; 
and another quite different, which precipitates the dramatic changes of tension 
in congestive glaucoma without miotics. Obstruction of the angle of the 
anterior chamber can play no part in the former, the angle being of all widths 
with only a minority narrow. A neuro-vascular change seems to be the most 
likely explanation. The Table shows the distribution of angle width. 


TABLE 
WIDTH OF ANGLE OF ANTERIOR CHAMBER 





pts rhs gicaiee mire A | Medium Narrow 
| Normal 52 | 53 12 117 
| 











Eyes Chronic simple glaucoma 42 10 91 








0 122 122 





| Congestive glaucoma | 0 





Slight pupillary dilatation is accompanied by narrowing of the angle. 
Although this is normally of no significance to the eye, when the angle is 
narrow it may be occluded. There seems little doubt that this is how the 
dark-room test works in congestive glaucoma. 

Although a narrow angle can often be seen to open and shut by varying 
the light, this movement becomes less as the tension rises, and the angle may 
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remain completely closed in spite of the bright beam of the slit-lamp. The 122 
eyes which showed a mean rise of 16-2 mm. Hg in the dark showed a consider- 
ably smaller subsequent fall after a further half hour in ordinary room lighting; 
this averaged 6-5 mm. Hg (varying between a rise of 5 and a fall of 26 mm. 
Hg). Many eyes become quite refractory, the tension remaining high until 
relieved by sleep or miotics. 

Whether the obstruction of the angle by iris root is due to the relative 
pupillary block causing a peripheral iris bombé, as suggested by Curran 
(1920) and more recently by Chandler (1952), is not clear. The bowing for- 
ward of the iris root seen when the light intensity is reduced could be inter- 
preted as a bulging due to the greater pressure in the posterior chamber, 
the iris being more relaxed when the pupil is semi-dilated than when the 
sphincter is taut. The effect of maximal pupillary dilatation in the response 
to darkness also provides confirmatory evidence. A peripheral iridectomy, 
according to this theory, should stabilize the tension by providing free com- 
munication between anterior and posterior chambers. This it failed to do 
in the four trephined eyes in which tension rose in the dark. It seems likely 
that relative pupillary block is of importance in early congestive glaucoma, 
but that extensive peripheral anterior synechiae alter the mechanical con- 
ditions so that the remaining open segments of the angle can be closed by 
some mechanism other than peripheral iris bombé. 


Summary 

(1) The dark-room test is of clinical value only in cases of congestive 
glaucoma wherein it is positive in some 78 per cent. of cases. It should be 
considered positive if the tension rises more than 9 mm. Hg or reaches a 
ceiling above 31 mm. Hg. 

(2) The test is of value to assess the control of the tension by miotics 
which abolish the rise of tension in the dark. 

(3) The cause of the increased tension is obstruction of the angle of the 
anterior chamber by the root of the iris. 

(4) In two cases which showed a marked positive reaction, mydriasis by 
adrenaline led to no increase in tension. 

(5) A peripheral or even a broad iridectomy does not necessarily abolish 


the rise in tension. 
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RETINAL IRRADIATION AND ANISEIKONIA* 


BY 


R. A. WEALE 
Institute of Ophthalmology, University of London 


NEw attempts have recently been made to elucidate the mechanism underlying 
the Pulfrich effect. Observed most easily when a pendulum swinging in the 
fronto-parallel plane is viewed through a neutral density filter in front of one 
eye, this effect is a stereo-phenomenon. The pendulum bob appears to make 
rotatory excursions, previously described as ellipses. Trincker (1953a) has 
shown that the path is not really an ellipse but is flattened on the side facing 
the observer, and, more important still, that the principal axis of this figure 
is so inclined as to put one end nearer to the unobstructed eye. He called 
this the asymmetry phenomenon. 

The stereo-effect was explained by Pulfrich (1922) in terms of the difference 
in the latent periods of the dimmed and unobstructed eyes respectively. 
In its original form, the explanation will account neither for the fact that the 
effect is hardly observable when the pendulum bob is fixated nor for the 
asymmetry phenomenon. . Recent binocular measurements (Arden and 
Weale, 1954) have shown that the intensity variation of the visual latent 
period is small in the fovea but large outside it, and that this is consistent 
with the virtual disappearance of the effect when the bob is fixated. The 
asymmetry phenomenon, however, is observed also with stationary targets, 
such as vertical rods. When three rods are viewed binocularly (one eye being 
again obstructed with a neutral density filter) and an observer is asked to 
arrange them in a fronto-parallel plane, the subjective will differ from the 
objective plane. Trincker (1953b) concludes from this that the asymmetry 
phenomenon found in conjunction with the Pulfrich effect cannot have any- 
thing to do with the latent period of vision. 

In an attempt to explain this effect, it should be emphasized that the per- 
ceptual size of a retinal image depends not only on the object size, diffraction, 
and aberration effects, but also on its luminance. Of two equally large objects, 
the brighter will appear to be the larger. Using a spectrometric slit of width 
2 mm., it is found at a luminance level of 800 e.f.c. that the least contrast 
producing this illusion is 0°16 log unit and that the extent of the angular 
increase is about 1’ of arc, i.e. is comparable with the accepted value for 
visual acuity. A suitable arrangement makes it possible to detect retinal 
irradiation also binocularly. Thus if two equal slits are equally illuminated 
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and each is visible to one eye only, then, on placing a neutral density filter 
in front of one eye, the darker image appears to be the smaller. On placing 
the filter in front of the other eye the effect is reversed (the threshold contrast 
; in this case is about 0-3 log unit). If 
only one slit is viewed in a like manner, 
the conditions of Trincker’s second 
experiment are reproduced: a tilting of 
the fronto-parallel plane is observed. 
This may well be the expression of an 
aniseikonia produced by the fusion of 
two different images of the same object 
and due to differential retinal irradiation 
(cf. Miles, 1953). 

A simple theory of this luminance 
aniseikonia is shown in the Figure. 
Let AB be a white object on a dark 
background, and a, and a, be the 
images in the unobstructed and obstruc- 
ted eyes respectively. The presence of 
the filter F in front of the right eye will 
reduce the apparent size of AB owing 
to the reduction of retinal irradiation. 
The projection of the boundaries of the 
smaller image into space will intersect 
those of the other (left) image at A’ 
and B’ respectively. The result will 
be a distortion of space. The effect 
will be reversed for a black object on a 
white background. 

Trincker used a black pendulum bob 

qu and black rods in his dynamic and 
static experiments respectively. The 

above theory accounts both for the sense 

and the amount of space distortion which he observed. The non-ellipticity of 
his tracings, however, cannot be explained in terms of dissimilar retinal 
illuminations: it is due to variations in the latent period of vision and forms 
part of Pulfrich’s original explanation. It is hoped to deal with this point 
in another contribution. | 
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BOOK REVIEWS 


Physiology of the Eye. By F.H. ADLER. 1953. Pp. 734, 329 figs. (3 col. plates). Kimpton, 
London. (97s. 6d.). 

The writings of Francis Adler are always a joy to read; and nowhere is his pen put to 
better use than in ocular physiology, of which he has made a life-long study. It is good to 
see that his text-book on this subject, the direct follower of his ‘‘ Clinical Physiology of 
the Eye” which appeared some 23 years ago, has now reached a second edition. Those 
who have studied the first edition will know its excellence; the second edition is equally 
good and is brought up to date, much of it being rewritten and a considerable amount 
of new knowledge added. Typical examples of this are the sections on the ocular muscles, 
the dynamics of the intra-ocular fluids (in which Kinsey’s views are wholly accepted), and 
the photo-chemistry of the retina. Without doubt the hope’ of the preface is realized; 
this is a book which offers to the student and the practising ophthalmologist the recent 
‘ findings of the physiology of the eye gleaned from the experimental laboratory, and 
relates these facts wherever possible to clinical concepts. 


Lehrbuch der Augenheilkunde. By M. AMmSLER, R. BRUCKNER, A. FRANCESCHETTI, 
H. GOLDMANN, and E. B. StreirF. 2nd edition, 1954. Pp. xx-+927, 369 figs. Karger, 
Basel. (Swiss Frs 88°40; £7 9s.). 

This excellent text-book of ophthalmology of composite authorship, which has been 
compiled under the direction of the five Swiss Professors (Amsler of Ziirich, Briickner of 
Basel, Franceschetti of Geneva, Goldmann of Bern, and Streiff of Lausanne), together 
with Weve of Utrecht, has now reached a second edition, the first having appeared in 1948. 
This edition follows closely the lines of its predecessor, bringing the text up to date, and 
adding 69 pages and 27 figures. It is to be hoped that if the book is to retain its character 
as one of the best students’ text-books in the literature, future additions will be balanced 
by subtractions lest the work become unwieldy. It is well written and beautifully produced, 
and the illustrations are informative and good. 


The Corticotropic Hormone and Cortisone in Ophthalmology (Ormone corticotropo e 
cortisone in oftalmologia). By G. CALAMANDREI, L. FERRATA, and L. MONTANARI. 
1953. Pp. 166, bibl. Edizioni Aggiornamenti di Terapia Oftalmologica, Pisa. 
(L. 1,500; 20s.). 

This is a very full résumé of the general properties and metabolic effects of cortisone 
and ACTH, together with a discussion of the clinical administration of these hormones 
and their therapeutic effect on the multitude of ocular diseases in which they have been 
given clinical trials. The literature is well reviewed and there are two extensive biblio- 
graphies—a short compilation of the more important papers on the general action of the 
substances and a full bibliography of their ophthalmological implications. 


Ophtaimologie. By L. GuUILLAUMAT, S. SCHIFF-WERTHEIMER, G. OFFRET, and A. DUBOIS- 
POULSEN. 1953. Pp. 1,263, 269 figs, bibl. Editions Médicales Flammarion, Paris. 
(Fr. 10,500; 11 guineas.) 

This book is part of an ambitious project which seeks to cover all the specialties of 
medicine in 34 volumes. It is a large and comprehensive text-book treating ophthalmology 
systematically along the usual lines, and is divided into seven parts: clinical methods, 
optics and refraction, regional diseases of the globe and its adnexa, neuro-ophthalmology 
(including the physiology of ocular mobility, heterophoria, and squint), injuries, general 
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therapeutics and surgical techniques, and medico-legal problems. A feature of the book 
is its format; it is loose-leafed, apparently well and firmly bound, and it is the intention 
to supply annually further leaves embodying improvements in the text and adding in- 
formation on new advances in knowledge which have accrued during the year. It will be 
interesting to see how this unusual and potentially valuable procedure works out in 


practice. 


is. By F. HERBERT Haesster. 1953. Pp. x+387, 151 illus. 
Bailliére, Tindall and Cox, London. (61s. 6d.). 


‘This volume contains a discursive account of some of the more common diagnostic pro- 
cedures used in ophthalmology, emphasis being placed on morphological descriptions rather 
than on the more difficult medical problems. The arrangement of the subject matter is un- 
usual and perplexing. The first half of the book provides examples of diagnostic procedures ; 
the second is comprised of “ essays in which further comment is elaborated ” in certain 
clinical conditions. The result is somewhat confusing to the reader owing to the dupli- 
cation and separation of cognate subjects. Thus the phlyctenule occupies seven lines on 
p. 79 in the first part, where there is a very short note on its clinical appearance, the 
surrounding vascularity, its pathology, and its clinical termination as an ulcer; it also 
receives seven lines on p. 251 in the second half (not listed in the index), where essentially 
the same information is given in much the same words. The absence of reference to such 
procedures as slit-lamp ophthalmoscopy might be forgiven, but it seems strange that a 
book on ophthalmological diagnosis contains nothing on gonioscopy or the measurement 
of the ocular tension. Glaucoma, one of the major problems in ophthalmological diag- 
nosis, according to the inadequate index receives mention on two-pages only, although - 
aconsiderable amount of space is devoted elsewhere to the visual fields and the appearance 
of the disc in this disease. The diagnostic procedures now used as a routine in the 
differentiation of the various types of uveitis receive inadequate mention, and yet 31 pages 
are devoted to the comparatively unimportant subject of the morphology of cataract. 
The illustrations are ultra-functional, and some of them, although they may not convey 
an adequate clinical picture, certainly do not lack originality. 


The Thyroid. By T. Levirr. 1954. Pp. xxiv+606, 43 tables, 503 illus. (many in colour), 
bibl. E. and S. Livingstone, Edinburgh. (5 guineas). 


Although, obviously from its title, not primarily ophthalmological in outlook, this book 
will nevertheless be of great interest to those ophthalmic surgeons whose outlook is not 
circumscribed in the few cubic inches occupied by the globe and its immediate surroundings. 
Based on the author’s very considerable experience and an obviously intensive study of 
the relevant literature, it provides a conspectus of the physiology of the thyroid gland 
in health, and its pathology, clinical effects, and treatment in disease, with which are in- 
tegrated its mutual relationships with other components of the endocrine system and its 
response, with these, to Selye’s concept of the stress syndromes The critical reader may 
perhaps find some of the arguments, pathologically and functionally, not sufficiently well 
supported and documented to be entirely convincing, but they are at least persuasive and 
very stimulating. To the ophthalmologist, chapter 22 (58 pages) on exophthalmos will 
be perhaps the most interesting; the author does not entirely follow the present orthodox 
(and possibly ephemeral) views on pathogenesis and treatment, but those he gives, based 
on his personal views as to the generalized disorder of function of the whole endocrine 
system, are at least rational, and are as logical as any now current in the approach to what 
may be one of the ophthalmologist’s most worrying problems. 

The whole book well repays perusal; it is impossible to speak too highly of its produc- 
tion. The format is excellent and the illustrations superb. 
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Electro-Surgery of the Eye (Elektrochirurgie am Auge). By K. SaFaR. 1953. Pp. 170, 
56 figs (several in colour). Springer-Verlag, Vienna. (36 DM; 6ls. 6d.). 

In this short but interesting volume, Safar has discussed the applications of diathermy 
in ophthalmology; and few are more competent than he to write upon this subject. After 
a short introduction dealing with the action of diathermy and its application in general 
surgery, the large number of conditions to which it is applicable in ocular surgery are 
discussed. The number of these seems surprisingly great. when they are all gathered 
together: the lids (epilation, tumours, etc.); the lacrimal apparatus (destruction of the sac); 
severe blepharospasm (senile and post-encephalitic); the orbit (tumours, etc.); the cornea 
(ulcers, keratoconus, staphylomata, fistulae, etc.); the lens (extraction of a dislocated lens); 
glaucoma (cyclodiathermy, coagulation of the long posterior ciliary arteries); the uvea 
(iridodialysis, tuberculous lesions, neoplasms); and the retina (detachments, tumours, 
angiomatosis). The author gives a reasoned and conservative assessment of the-value of 
this surgical technique, mainly based on his own wide experience, and there is a very useful 
and complete bibliography. 


NOTES 


UNIVERSITY OF IOWA 
Department of Ophthalmology : International Symposium, 1954 


An international symposium on Problems in the Physiology and Pathology of the Eye 
will be held in the Department of Ophthalmology, College of Medicine, State University 
of Iowa, Iowa City, Iowa, U.S.A., September 24-25, 1954. Papers will be:given by the 


following speakers: 
Gunnar von Bahr (Uppsala, Sweden): Corneal Thickness: Its Measurement and Changes. 
Giambattista Bietti (Parma, Italy): Ophthalmic Problems in Diabetes and Hypoglycaemia. 
Hans Goldmann (Berne, Switzerland): Slit-lamp Microscopy of the Fundus. 
G. B. J. Keiner (Zwolle, Netherlands): Optomotor Reflexes. 
H. K. Miiller (Bonn, Germany): Phosphate Metabolism of the Lens. 
J. Boeck (Graz, Austria): Periarteritis Nodosa and Related Diseases. 
Harold Henkes (Rotterdam, Netherlands): Electroretinography. 


BIRMINGHAM AND MIDLAND EYE HospPitTAL 


Postgraduate Course in Industrial Ophthalmology 
This course, which will be held from July 19 to 23, 1954, is designed for ophthalmologists 
and industrial medical officers, but is open to all medical practitioners. It will include clinical 
demonstrations, lectures on industrial diseases and injuries, and visits to local factories and a 


coal mine. 
Further details may be obtained from the Director of Research, Birmingham and Midland 


Eye Hospital, Church Street, Birmingham, 3 


OxFORD OPHTHALMOLOGICAI CONGRESS 


THE next meeting of the Oxford Ophthalmological Congress will take place on July 5 to 7, 1954. 
The Doyne Lecture will be delivered by Mr. Frederick Ridley. The main discussions will be on 
“* The Significance of Macular Changes ” and “ Post-operative Ophthalmic Care”. Mr. Sidney 
H. Browning has been elected Deputy Master. Non-members who would like to attend the 
meeting should write to Dr. I. C. Fraser, 21 Dogpole, Shrewsbury. 


Mr. SEYMOUR PuHILps, F.R.C.S., has been made an Honorary Member of the Ophthalmological 
Societies of Australia and New Zealand. 








OBITUARY 
EUGENE WOLFF 


The sudden death of Eugene Wolff on February 25, 1954, has torn a great gap in the 
front rank of British ophthalmology, and the news spread consternation through the 


world, because so many of his patients and colleagues had learnt to look upon him as a 
friend. Readers of this Journal will all feel, and many of them have already expressed 
the deepest sympathy for Lydia his widow and Audrey his daughter. 


Eugene Wolff was born in 1896 at Oudtshoorn, Cape Province, South Africa, but he 
tame over here as a boy to University College School, Hampstead, from which he went 
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on to University College, London, and then University College Hospital, where he was 
awarded the Lister medal for clinical surgery in 1918. In the same year he passed the 
Final Conjoint examinations, and graduated M.B., B.S. of London University. Then 
followed a year’s service as captain in the South African Medical Corps, during which he 
gained the affectionate respect of all ranks, because already Eugene showed that quality 
which remained for ever as the hallmark of his ‘profemional work—intense concern for 
the welfare of his patients. 


After his demobilization early in 1919, Wolff returned to University College, where 
during the next eight years he pursued the studies which afterwards enabled him to make 
such rich contributions to the anatomy and pathology of the eye. Soon he was aflame with 
that passion for microscopy which has fastened upon so many great masters of medicine 
in the past—notably Allbutt and Osler. These men had already shown, and Wolff 
showed afresh, that the microscope, so far from encouraging a narrow view of pathology, 
can augment the range of vision when it is put into the hands of an enlightened man. 
Meanwhile clinical work was not neglected, and he became house surgeon and afterwards 
ophthalmic registrar to the late Percy Flemming and Sir John Parsons at University 
College Hospital. He also gained additional experience as a chief clinical assistant at 
Moorfields Eye Hospital. Surely no man ever was more deeply imbued with gratitude 
for his teachers than Eugene. He radiated joy at the very mention of Percy Flemming 
and John Herbert (Parsons), and he never forgot how much he owed to their early in- 
spiration. Another teacher to whom he repeatedly expressed his indebtedness was the 
late Professor Elliot Smith, who occupied the chair of anatomy at University College. 


Although Wolff remained a student, in the best sense of that word, right up to the 
last, we may look upon 1927, the year in which he became a Fellow of the Royal College of 
Surgeons, England, as the end of his long and strenuous training in ophthalmology. The 
final years of apprenticeship were sweetened by his marriage in 1923 to a talented French 
lady, Lydia Abravanel. It was an ideal partnership destined to last for thirty years, during 
which Lydia’s devotion and constant encouragement inspired Eugene to go ahead with 


the work which he loved. 


During most of his years (1919-30) as a demonstrator of anatomy at University College, 
Wolff found time also to lecture on this subject in the Slade School of Art, and to write 
his first book, Anatomy for Artists, published‘in 1925. Two more editions appeared be- 
tween the world wars, and the book is still in demand, for a further reprint of the third 
edition was issued as recently as 1952. Another work by Wolff, entitled A Shorter Anatomy, 
was published in 1928, but his most important books, which will presently be mentioned, 
were not yet ready. They emerged from his steadily growing clinical, anatomical, and 
pathological experience built up during the ten-year period immediately after his final 
F.R.C:S. 


For a short time Wolff was honorary ophthalmic surgeon to the Metropolitan Hospital, 
but he resigned that post soon after he was elected in 1928 to the honorary staff of the 
Royal Northern Hospital in succession to the late Mr. Basil Lang. Here he found himself 
among friends in a most congenial atmosphere, and for the rest of his life gave devoted 
service to the people of North London. In 1930 he gave up his anatomy demonstrator- 
ship at University College on being appointed pathologist at the Royal Westminster 
Ophthalmic Hospital. Here was a golden chance to follow his bent in a department of his 
own. Eagerly Wolff embraced the opportunity, so that year after year he was able to 
deliver beautifully illustrated papers on the normal and pathological anatomy of the eyes 
and: their adnexa. His histological slides, in the preparation of which he was loyally 
served by Mr. A. McNeil, his laboratory technician, were first-class, and they succeeded in 
illuminating many a hitherto obscure bypath of ophthalmology. Selected jewels from all 
this richness adorned the pages of Wolff’s Anatomy of the Eye and Orbit, which first 
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appeared in 1933, and reached its fourth edition this year. Scrutiny of the successive 
editions will convince the most exacting critic that Wolff never regarded his work as com- 
plete. He was constantly on the alert to prune away obsolete material, and to insert new 
gems from his patient mining. Anatomy of the Eye and Orbit is far and away the best oph- 
thalmic anatomy book in the English language. 


In 1934, only a year after the appearance of his great work on anatomy, Wolff produced 
his Pathology of the Eye, a book full of lucid descriptions and superb pictures. Here 
again he surpassed himself in subsequent editions, of which the third (1951) stands as a 
striking monument to his ability and industry. Wolff was elected to the honorary staff 
of the Royal Westminster Ophthalmic Hospital in 1936, but he continued to hold the post 
of pathologist, greatly to the advantage of the hospital. In the following year his Diseases 
of the Eye was published. This book contrived in remarkably few words to give a sound 
introduction to clinical ophthalmology, and its pages, unlike those of many elementary 
text-books, were large enough tv display the illustrations advantageously. The author 
steadily improved his work in later editions, of which the fourth appeared only last year. 


At the Institute of Ophthalmology, after the fusion of the three eye hospitals north of 
the Thames (Royal London Ophthalmic Hospital, Royal Westminster Ophthalmic 
Hospital, and Central London Ophthalmic Hospital) to form the Moorfields Westminster 
and Central Eye Hospital in 1946, Wolff continued to lecture as a recognized teacher of 
the University of London. Here he regularly attended the medical committee meetings of 
the combined eye hospitals, and when his turn came round to take the chair, he endeared 
himself more deeply than ever to his colleagues. He had invariably studied the agenda 
with care before the meeting, and displayed the utmost scruple in seeing that all points 
of view were represented in discussion. Here also he sat as a beloved member of ae 
editorial board of this Journal. 


It is good to know that Wolff was honoured by his colleagues in so many different ways 
The Ophthalmological Society of the United Kingdom, the Section of Ophthalmology 
at the Royal Society of Medicine, and the Section of Ophthalmology of the British Medical 
Association, all chose him as a vice-pfesident, and there is little doubt that, if he had lived 
for a few years more, he would have become President of the Ophthalmological Society 
of the United Kingdom. In 1947 at Glasgow he received the Mackenzie Memorial Medal, 
a distinction of which he was justly proud, but his pride was always strongly tinctured 
with modesty. No man was ever more free from self-satisfaction. Other tributes which 
delighted him were honorary membership of the Belgian and Greek Ophthalmological 
Societies. When we consider his record of busy private practice and wide range of academic 
achievement, it seems all the more creditable that he came to be recognized as a good 
administrator, so that in 1950 he was appointed a member of the North-West Metropolitan 
Regional Hospital Board. 


Wolff’s contribution to ophthalmology is established not only through his books and 
Museum specimens, first-class though these undoubtedly are, but also by oral tradition. 
He was of course a fine lecturer, who delivered words audibly after careful preparation, 
so that much of his teaching will be remembered. Even more important, however, were 
his friendly, informal interchanges. His knowledge and experience were equally available 
for students, house surgeons, and other colleagues at hospital, in leisure moments at con- 
gtesses, and at meetings of the Ophthalmic Club, where he will be sadly missed. He was 
always ready to discuss clinical or pathological problems, and his opinion was the more 
eagerly sought because in him practical knowledge was backed by wide reading in English, 
French, and German medical literature. 


He was as gentle as Spinoza, “‘ the noblest and most lovable of the great philosophers ”, 
who earned a living by polishing lenses at Amsterdam and wrote learnedly about the 
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optics of the rainbow. Eugene Wolff showed the same quiet courage and reasonableness — 
which were so beautifully linked in Spinoza, and his variety of interests may well be likened” 


to Spinoza’s rainbow, because his career illustrates how 


Life, like a dome of many-coloured glass 
Stains the white radiance of Eternity, 


It was fitting that Eugene should marry a lady from France, the land which embodies 
so many of the things which he loved most in life—tolerance, civilization, wit, and elegance, 
His work has come to a sudden end all too soon, but it is certain that the burden of a 
large practice was lightened by those days which he spent with Lydia upon the sacred 
soil of France. She shared his love of sculpture and music, and her exquisite taste in 
décor turned 46 Wimpole Street into a lovely home. A multitude of friends from every 
continent will especially remember their parties given during meetings of the Ophthal- 
mological Society of the United Kingdom in London. It was a wonderful experience to 
mount that staircase, breathing the fragrance of gloriously arranged flowers, to be greeted 
by a hostess intent upon communicating joy to all her friends, At the International 
Congress of Ophthalmology in 1950, Lydia worked unceasingly to promote the happiness 
and comfort of visitors, and these efforts will never be forgotten. 


Many things remain to be said about Eugene Wolff, but the keynote of his life is un- 
mistakably struck. It is intense devotion to his home circle, and the chord is completed by 
three other notes in his character—generosity, gratitude, and integrity. No one outside | 
his family circle can fully realise what his death means to Lydia and Audrey, but all will 
in some degree enter into their suffering. There is, however, another and happier aspect % e 
of this tragedy. Perhaps his work will inspire some of the coming generation to carry | 
on the tasks which he so triumphantly launched; and it may well be that many of those 


who were blessed with his friendship will find comfort in keeping Eugene's memory green, 


Thus praise and prayer here beneath the sun 


Make lesser mornings, when the great are done. 
J. H. D. 











